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ABSTRACT 


Fluorine  f luorosulfate,  trif luoromethyl  hypof luorite ,  and  fluorine  have  been 
found  to  react  with  f luorosulfuryl  isocyanate  under  the  influence  of  ulcraviolet 

radiation  to  produce  a  new  class  of  compounds  containing  the  FS02NC(0)F  group. 

Some  of  the  chemical  and  physical  properties  of  these  materials  and  additional 

characterization  of  FSC^NCO  are  presented. 

Addition  across  the  carbon-carbon  double  bond  in  bis (trif luoromethyl)ketene 
with  peroxodisulfuryl  difluoride,  tetraf luorohydrazine ,  dif luoraminof luorosulfate 
and  fluorine  f luorosulfate  yield  (CF^CfOSO^C'^OSC^F,  (CF3)2C(NF2)CF0, 
(CF3)2C(NF2)C(0)0S02F,  (CF3)2C(0S02F)CF0,  and  ((  3>2CFC(0)0S02F,  respectively. 

While  in  the  presence  of  CsF  only,  (Cl 3> 2C (NF2)CF0  is  converted  to  (CF3)2C*NF. 

With  CsF  and  the  former  and  (CF3)2C=C=0  give  rise  to  (CT’3)2(NF2)CF20F  and 
(CF3)2CFCF20F,  respectively.  These  new  compounds  have  been  characterized  and 
and  structures  confirmed  by  nmr,  mass  and  infrared  spectra. 

Reactions  of  NF2CF0  with  CF30F  or  with  Al2Cl6  and  HC1  yield  NF20CF3  or  NF2C(0)C1, 
respectively.  The  reactions  of  NF^CFO  with  KF  and  CsF  to  give  KOCFjNFj,  K0CN2F3, 
K0CN3Fg,  CsOCF2NF2,  CsOCN2F,.,  and  CsOC^Fg  are  discussed.  Decomposition  of 
K0CF2NF2  with  Cl2  yields  NF2C1,  and  pyrolysis  of  KOCN2F5  at  95°  yields  (NF2) 2Cu . 
Spectra  and  properties  of  (NF2)2C0  and  NF2C(0)C1  are  given. 

Nitrosyl  halides  (XNO,  X  *  F,  Cl,  Br)  are  easily  prepared  by  the  reaction  of 
W02  and  the  respective  cesium  or  potassium  halide.  In  the  case  of  the  fluoride, 
formation  of  a  CsF-hexaf luoroacetone  salt  which  is  subsequently  decomposed  seems 
to  enhance  the  reactivity  of  the  CsF  toward  N02.  Careful  heating  and  powdering 
of  CsF  have  essentially  the  same  effect. 

The  AgF2~catalyzed  fluorination  of  CF3N0  with  and  without  fluorine  is  found 
to  give  varying  amounts  of  tris(trif luoromethyl)hydroxylamine.  With  fluorine, 
the  largest  yield  (55%)  is  realized  at  24°.  While  with  just  the  catalyst, 
maximum  yield  (23%)  is  obtained  at  129°. 


Contribution  from  the  Department  of  Chemistry 
University  of  Idaho 
Moscow,  Idaho  838U3 

ADDITION  TO  THE  CARBON -NITROGEN  DOUBLE  BOND 
OF  FLUOROSULFURYL  ISOCYANATE,  FSO2NCO 

by 

Ronald  E.  Noftle  and  Jean'ne  M.  Shreeve 

Abstract 

Fluorine  fluorosulfate,  trifluoromethyl  hypofluorite,  and  fluorine 
have  been  found  to  react  with  fluorosulfuryl  isocyanate  under  the 
influence  of  ultraviolet  radiation  to  produce  a  new  class  of  compounds 
containing  the  FS02NC(0}F  group.  Some  of  the  chemical  and  physical 
properties  of  these  materia] «  and  addition A  characterization  of 
FSO2NCO  are  presented. 

The  chemistry  of  isocyanates  has  received  much  attention  in  recent 
years  especially  that  cf  organic  isocyanates  and  their  derivatives' 1»2»3»U 

1  H.  Ulrich,  Chem.  Rev.,  65,  369  (1965). 

2  R.  G,  Arnold  and  J.  A.  Neison,  ibid.,  £7,  u7  (1957). 

3  C.  V.  Wilson,  Org.  Chem.  Bull.,  35,  No.  2  (1963). 
h  Ibid.,  No.  3  (1963). 


1-2  dipolar  addition  has  been  found  to  occur  readily  across  the  C-N 
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double  bond  in  isocyanates.  The  polarizing  effect  of  the  Solfuryl 
group  in  sulfuryl  isocyanates  enhances  this  tendency^  However,  studies 
of  gas-phase  free  radical  addition  to  the  carbon-nitrogen  double  bond 
in  sulfuryl  isocyanates  have  not  appeared  in  the  literature.  This  paper 
reports  the.  reaction  of  fluorosulfuryl  isocyanate  with  various  fluorine- 
containing  free  radicals  to  produce  a  new  class  of  compounds  incorporating 
the  fluorocarbonylfluorosulfurylamino  group,  (FSOgNCCOjF). 


Experimental 

Infrared  spectra  were  recorded  on  a  Beckman  IR-5A  infrared  spectro¬ 
photometer  by  using  10  and  13  cm.  gas  cells  equipped  with  either  AgCl 

or  NaCl  windows. 

19 

F  n.m.r.  spectra  were  obtained  using  Varian  Models  HR-60,  HA-100, 
and  U311B  high  resolution  n.m.r.  spectrometers. 

Chemical  analyses  were  performed  by  Alfred  Bernhardt,  Mikroanaly+i- 


sches  Laboratorium  in  Max  Planck  Institut,  1*33  Mulheim  (Ruhr),  West 
Germany  and  by  R.  Anderson  of  Allied  Chemical  Company. 

Vapor  pressures  were  determined  by  the  method  of  Kellogg  and  Cady'’ 


5  K.  B.  Kellogg  and  G.  H.  Cady,  J,  Am.  Chem.  Soc.,  70,  3986  (19^8). 

or  by  direct  measurement  in  a  static  system  employing  a  Wallace  and 
Tieman  pressure  gauge. 

Ultraviolet  light  sources  used  in  this  work  included  a  1*50  watt 
lamp  (Hanovia  L-679A36,  Hanovia  Lamp  Div.,  Engelhard  Hanovia,  Inc., 

100  Chestnut  St.,  Engelhard,  N.  J.)  and  a  Hanau  70  watt  lamp  (0.-81, 
Brinkman  Instruments,  Cantiagne  Road,  Westbury,  N.  Y.).  Corex  and 
Pyrex  filters  were  obtained  from  Hanovia. 
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For  separation  of  complex  product  mixtures,  gas  chromatography 
employing  a  9.5  ^t.  x  1 A  in.  A1  column  packed  with  20£  Kel-F  #3  polymer 
oil  on  Aoid-Wtflhod  Chroraoiorb  P  was  used,  He  flow  rates  were  70  cc./min. 
When  circumstances  permitted,  fractional  condensation  was  used  to  separate 
mixtures . 

Materials.— Fluoroaulfuryl  isocyanate  was  prepared  by  the  method 
of  Appel  and  Rittersbacher^  with  some  important  modifications. 

o  R.  Appel  and  H.  Rittersbacher,  Chem.  Ber.,  97,  81i9  (1961*). 

a. )  Preparation  of  SC2(NCO)2«  The  method  of  Graf^  which  involves 
7  R.  Graf,  Ger.  Pat.  9U0,  351  (1956). 

the  reaction  of  solid  BrCN  with  liquid  SO3  was  used.  The  product  mixture 
was  first  distilled  at  atmospheric  pressure  to  remove  most  of  the  Br2 
and  SO2  formed  in  the  reaction,  and  then  at  reduced  pressure  (1  mm)  to 
distill  a  mixture  of  SC^NCOjg  and  SgOc^NCO^.  The  product  was  not 
fractionated  further. 

b. )  Preparation  of  FSO2NCO.  The  mixture  prepared  above  was  placed 
in  a  distillation  flask  and  heated  under  reflux  to  170°  (S20c;(NCO)2  decom¬ 
poses  to  S02(NC0)2  and  SO3  at  130°  )  while  small  aliquots  of  HOSC^F 

(ca.  0,25  ml)  were  added  in  the  course  of  a  few  hr.  As  soon  as  FSO2NCO 
was  formed,  it  distilled  into  a  collection  vessel  held  at  0°.  The  crude 
product  was  contaminated  with  SO3,  Br2  and  small  amounts  of  SOj  and  CO2. 
SO3  was  removed  by  passing  the  crude  material  under  vacuum  through  a 
column  packed  with  gla^s  wool  saturated  with  cone.  ^SO^.  (Care  must  be 
taken  that  the  column  does  not  heat  appreciably  because  FSO2NCO  reacts 
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with  ^SO^  at  elevated  temperature.)  Several  passes  using  fresh 
were  necessary  to  completely  free  the  product  from  SO3.  Traces  of  CO2 
and  SO2  were  removed  by  pumping  at  -7 8°.  Finally,  Br2  was  removed  by 
shaki  .ig  the  product  with  dry  Hg.  (In  a  separate  experiment,  it  was 
determined  that  FSO2NCO  did  not  react  with  Hg  at  25°. )  The  final  product 
was  clear  colorless  FSC^NCO.  Calcd.  Vapor  Density:  125.0  g./g.m.v. 

Found  126.0  g./g.m.v.  Yield:  29%  based  on  BrCN. 

5 

FOSG2F  was  collected  as  a  by-product  in  the  preparation  of  S2O5F2 

8  J.  H.  Shreeve  and  G.  H.  Cady,  Inorg.  Syn.,  7,  12U  (1963). 

and  purified  by  fractional  condensation. 

Trifluoromethyl  hypofluorite  was  prepared  by  reaction  of  CO  with  F2 
at  350°. 9 

9  G.  H.  Cady,  Inorg.  Syn.,  8,  165  (1966). 

Fluorine  was  obtained  from  the  General  Chemical  Div.  of  Allied 
Chemical  Co.  and  was  passed  through  a  trap  held  at  -183°  prior  to  use. 

The  sulfur  trioxide  used  was  stabilized  Sulfan  B  (Allied  Chemical 
Co.,  Morristown,  N.  J.). 

Cyanogen  bromide  was  obtained  from  Matheson,  Coleman,  and  Bell. 
Preparation  of  FS02N(0S02F)C(0)F.~ FSO2NCO  (0.1086  g.,  O.87  mmole) 
and  FOSO2F  (0.1301  g.,  1.10  mmole)  were  condensed  in  a  1-1  Pyrex  vessel 
equipped  with  a  water-cooled  quartz  probe.  The  mixture  was  allowed  to 
warm  to  25°  and  then  photolyzed  in  the  gas  phase  through  a  Pyrex  filter 
with  light  from  a  1*50  watt  UV  lamp.  After  2  hr-,  the  product  mixture  was 
examined.  No  noncondensable  gases  (-183°)  were  produced;  the  mixture 
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contained  only  unreacted  starting  materials  and  the  product  FSQ2N(0SQ2F)C(0)F 

19 

as  determined  by  examination  of  F  n.m.r.  and  infrared  spectra.  The 
amount  of  unconsumed  FOSOjF  (0.079k  g.,  0.6?  mmole)  indicated  that  k9.5$ 
conversion  was  achieved.  Other  experiments  employing  larger  amounts  of 
reactants  and  longer  irradiation  times  resulted  in  different  conversion 
percentages.  For  example,  when  a  mixture  of  FSO2NCO  (0.528 0  g.,  k.22 
mmole)  and  FOSO2F  (0,5957  g •,  5*02  mmole)  was  photolyzed  for  6  hr.  under 
the  above  conditions,  the  amount  of  unconsumed  FOSO2F  (0.23kk  g.,  1.99 
mmole)  indicated  that  72.5/f  conversion  had  taken  place. 

If  the  photolysis  was  allowed  to  proceed  through  quartz  in  the 
absence  of  the  Pyrex  filter,  O2,  SO2F2,  SiF^  and  a  polymeric  appearing 
material  were  observed  to  form  in  addition  to  FS02N(0SC>2F)0(0)F. 

Separation  of  the  product  mixture  was  accomplished  by  fractional 
condensation  at  -23°,  -78°,  and  -183°C.  The  unreacted  FOSO2F  was  easily 
isolated  in  the  trap  held  at  -183°  but  repeated  passes  were  necessary  to 
isolate  pure  FS02N(0S02F)C(0)F  in  the  trap  held  at  -23°.  FS02NC0  was 
retained  in  the  trap  held  at  -78°. 

Identification  and  Properties  of  FS02N(0S02F)C(0)F. — ' The  infrared 

spectrum  of  FS02N(0S02F)C(0)F  taken  in  the  gas  phase  at  5  mm.  pressure 

in  a  10  cm.  cell  with  NaCl  windows  showed  absorptions  at  1890  (s),  lk95 

(s),  1250  (s),  1205  (s),  1053  U»),  1021  (m),  85k  (s),  827  (s),  788  (ms), 

and  738  (w)  cm”\ 

19 

The  7F  n.m.r.  spectrum  consisted  of  three  resonances  at  +6.58 
(-C(O)F),  -1*3.57  (-QSO2F),  and  -5k. 6?  (-SO2F)  ppm.  relative  to  an 
external  reference  of  CCI3F.  The  relative  areas  under  the  thuve  peaks 
were  in  the  ratio  of  1.02  J  0.96  :  1.00.  Under  high  resolution  these 
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pc  ks  were  split  into  three  pairs  of  doublets  of  equal  intensity 

("SO2F-OSO2FJ  k.U  cps;  Js02F-C(0)Fj  8.5  cps;  J()S02F-C(0)F>  CPS)‘ 

The  vapor  density  was  determined  by  the  method  of  Regnault.-Calcd. 
for  FS02N(0S02F)C(0)F:  2U3  g./g.m.v.  Found:  2h2  g./g.m.v. 

Anal.— Calcd.  for  FS02N(0S02F)C(0)F:  F,  23. UU ;  S,  26.38;  N,  5.76; 

C,  U.9U;  0,  39. U8.  Found:  F,  2U.!*C;  S,  25. 8h;  N,  5.76;  C,  5.31; 

0  (diff.),  38.69. 

Vapor  pressures  were  measured  over  the  range  325°  K  to  392°  K  using 
the  method  of  Kellogg  and  Cadv.-’  The  approximate  molar  heat  of  vaporiza¬ 
tion  at  the  boiling  point  was  calculated  to  be  8.77  Kcal/mole  from  the 
slope  of  the  vapor  pressure  curve  with  the  aid  of  the  Clausius -Clapeyron 
equation.  The  boiling  point  was  estimated  to  be  121.8°-O.U°  by  extra¬ 
polation  of  the  vapor  pressure  curve.  These  values  yield  a  Trouton 
Constant  of  22.2  e.u.  Vapor  pressure  data  fit  the  expression: 
logic  Rnn  “  7.6695  - 

All  attempts  to  crystallize  the  compound  resulted  in  the  formation 
of  a  glass. 

The  hydrolysis  of  F302N(0SQ2F)C(0)F  cun  be  easily  followed  by 
infrared  spectroscopy.  When  moist  air  was  admitted  into  an  ir  cell 
containing  a  pure  sample  of  FS02N(0S02?)C(0)F  and  the  spectrum  was 
rescanned,  bands  were  observed  for  CO2  and  SiF^.  In  addition  bands 
attributed  to  C*0  and  C-F  stretching  modes  in  the  C(0)F  group  were 
observed  to  decrease  in  intensity  with  time. 

Preparation  of  FS02N(0CF3)C(0)F.— In  a  typical  series  of  prepara¬ 
tions,  FSO2NCO  (3.5  mmole)  and  CF3OF  (3.8  mmole)  were  photolyzed  for 
7  hr  in  the  gas  phase  through  a  Corex  filter  with  radiation  from  a  1*50 
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watt  UV  lamp.  The  Corex  filter  wag  found  to  be  important  in  reducing 
degradation  of  the  reactants.  The  product  mixture  was  fractionated 
at  -110°  and  -183°.  A  small  amount  of  a  non condensable  gas  was  present. 
The  fraction  which  condensed  at  -I830  was  examined  by  infrared  spectro¬ 
scopy  and  shown  to  consist  of  CF3OF,  C0F2>  SiF[p  C02,  and  traces  of 
SO2F2.  The  fraction  which  condensed  at  -110°  was  separated  by  gas 
chromatography  and  consisted  of  three  major  components  which  were  found 
to  be  S20^F2  (R^  *  8  min.),  unreacted  FSO2NCO  (R^  ■  11  rain.),  and 
FS02N(0CF3)C(0)F  (0.2277  g.,  0.99  mmole,  28?,  Rt  ■  ll*  rain.)  by  infrared 
spectroscopy.  In  addition  to  traces  of  volatile  materials  (Rt  =  b  min.), 
one  other  component  was  observed  on  the  gas  chromatogram  but  was  present 
in  amounts  too  small  for  identification. 

Identification  and  Properties  of  FS02N(CCF3)C(0)F. — The  infrared 
spectrum  of  the  material  in  the  gas  phase  at  5  mm.  pressure  in  a  13  cm. 
cell  with  AgCl  windows  showed  bands  at  1888  (s),  ll*9h  (s),  1308  (s), 

1250  (vs),  1206  (vs),  1177  (vs),  1088  (m),  1027  (m),  888  (w),  823  (vs), 
776  (w),  7U7  (w)  and  65 h  (m)  cm“^. 

19 

Three  intense  resonances  were  observed  on  the  •  F  n.m.r.  spectrogram 
for  FS02N(0CF3)C(0)F.  Under  low  resolution,  peaks  appeared  as  singlets 
at  -« 68.I1  (-OCF3),  +6.6  (-C(O)F),  and  -50.U  (-SC^F)  ppm.  relative  to  an 
external  reference  of  CCl^F  with  areas  in  the  ratio  of  3  :  1  :  1.  Under 
high  resolution  fine  structure  was  observed.  The  first  resonance  was 
split  into  two  similar  doublets,  the  second  resonance  into  a  broad 
quintet,  and  the  third  resonance  into  two  partially  superimposed  quartets 

(JC(0)F-0CF3>  k.3  cps:  JoCF3~S02F>  1«8  cPs>  jC(0)F-S02F>  cps;  J  calcd. 
for  two  overlapping  quartets  to  form  a  quintet,  b.6  cps;  J  obs,  lj.6  cps). 
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The  vapor  density  was  calculated  to  be  229  g./g.m.v.  Found:  228—2 
g./g.m.v. 

Anal. —Cal cd.  for  FS02N(0CF3  )C(0)F*.  F,  hlMi  S,  13.97;  N,  6.11, 

0,  10.1.8;  0,  27.96.  Found:  F,  37.59  ;  S,  15.80;  N,  6.87;  C,  9.78  ; 

0  (diff.),  29.96. 

Vapor  pressures  were  determined  in  a  •static  system  by  using  cold 
baths.  Data  obtained  for  FS02N(0CF3)C(0)F  are:  Pmm,  T°K;  33.0,  277.0; 
39.5,  280.7;  U6.0,  28U.2;  57.0,  289.0;  60.0,  ?90.0. 

Preparation  of  (FSO^NC^’OjFjg.-- FSOgNCO  (2  ,99  mmole)  and  Fg 
(3.4  mmole)  were  photolyzed  in  a  1-1  Fyrex  vessel  for  20  min.  The  70 
watt  UV  lamp  was  located  in  a  water-cooled  quartz  probe  which  fit  into 
the  center  of  the  vessel.  No  filter  was  used.  The  product  mixture  wa3 
fractionated  at  -78°  and  -183°.  A  noncondensable  gas  (F2)  was  present 
and  was  pumped  away  through  column  packed  with  soda-lime.  The  fraction 
which  condensed  in  the  trap  held  at  -I830  contained  C0Fj>,  SiF^  and  S02F2 
identified  by  infrared  analysis.  The  material  which  condensed  at  -78° 
was  refractionated  at  -23°  and  -183°.  The  fraction  held  in  the  trap 
at  -23°  was  (FS02NC(0)F)2  (1.02  mmole,  69^).  The  material  volatile  at 
thi3  temperature  was  S2O^F2  (0.28  mmole)  contaminated  with  a  trace  of 
FSOjjNCO.  A  white  solid  remained  in  the  reaction  vessel.  When  treated 
with  moist  air,  it  evolved  a  brown  gas  (N02).  This  result  indicated 
that  the  white  solid  was  probably  (N0)2SiF£. 

Identification  and  Properties  of  (FS02NC(0)F)2.— The  infrared 
spectrum  of  (FS02NC(0)F)2  at  3  mm.  pressure  in  a  10  on.  cell  showed 
absorptions  at  l888(s),  ll*9U  (s),  1295  (v),  12U8  (s),  12?5  (s),  1178 
(m),  1060  (m),  89U  (w),  870  (w),  81*2  (sh),  829  (s),  727  (vw),  and  662 
(w)  cm*^. 
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The  NMR  spectrum  exhibited  resonances  at  9.08  (s)  and  -57.1*  (s) 
ppm  relative  to  an  external  standard  of  CCI3F.  Relative  areas  of  these 
peaks  were  in  the  ratio  of  1  1  1.  No  fine  structure  was  observed  under 
high  resolution. 

The  calculated  vapor  density  for  (FS02NC(0)j?')2  is  288  g./g.m.v. 

Found:  291**10  g./g.m.v. 

An*?l.  '-Calcd.  for  (FS02NC(0)F)2:  F,  26.38;  S,  22.25;  C,  8.3U; 

N,  9.72;  0,  33.33.  Found:  Y,  27.0;  S,  23.01;  C,  8.51*;  N,  10.85; 

0  (:iff.),  30.60. 

Vapor  pressures  were  determined  in  a  static  system.  Plan,  T°K; 

1.5,  273.2;  2.8,  282.2;  3.2,  281*.?;  i*.0,  287.7;  7.5,  2?6.2. 

(FS02NC(0)F)2  hydrolyzed  in  moist  air  to  give  C02.  Bands  due  to 
00  and  C-F  stretching  modes  in  the  C(0)F  group  were  observed  to  decrease 
with  time. 

Reaction  of  FSO2NCO  with  S206F2 . — FSO2NCO  and  S2O6F2  did  not  react 
when  allowed  to  stand  together  in  a  glass  tube  for  2  hr.  The  mixture 
was  heated  to  100°,  and  after  12  hr.,  the  characteristic  yellow-brown 
color  of  *0S02F  radicals^-0  was  still  observed  in  the  reaction  vessel. 

10  F.  B.  Tudley  and  G.  H.  Cady,  J.  Am.  Chem.  Soc.,  8$,  3375  (1963). 

FSO2NCO  (0.6112  g.,  U • 89  mmole)  and  S20^F2  (1.0229  g.,  5*17  mmole) 
were  condensed  in  a  1-1  Pyrex  bulb  and  irradiated  through  quartz  with 
UV  light  from  a  1*50  watt  lamp  for  5.5  hr.  No  noncondensable  gases  (-183°) 
were  observed  to  form.  The  product  mixture  was  separated  crudely  by 
fractional  condensation.  The  most  volatile  fraction  was  SiFj^,  the  next 
-iost  volatile  fraction  consisted  of  S2O5F2  and  FSO2NCO,  and  the  least 
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volatile  fraction  wa3  mostly  FS02N(0S02F)C(0)F  contaminated  with  FSO2NCO 
and  SgO^Fg.  In  addition,  a  white,  flaky  material  was  isolated  and  shown 
to  be  SO3  by  chemical  test* .  No  evidence  was  found  for  the  presence  of 
FS02N(OS02F)C(0)OS02F,  the  expected  product.  Apparently,  the  reaction 
followed  the  equation 

FS02NC0  ►  S^Fg  FS02N(0bS02F)C(0)F  ♦  SOj. 

Further  characterization  of  FSO2NCO.— The  properties  reported  for 
FSOgNCO  in  the  literature  include  the  boiling  point  (62°, 11  6l,J^)  and 

11  H.  Jonas  and  D.  Voigt,  Angew.  Chem.,  70,  572  (1958). 

a  chemical  analysis.  Additional  data  was  obtained  in  the  present  work. 

Infrared  spectrum  (5  mo.,  10  cm.  cell):  2265  (vs),  11*67  (s), 

1330  (0),  1235  (s),  833  (s),  763  (s),  61*9  (s)  cm"1. 

19 

The  7F  NMR  spectrum  consists  of  a  singlet  at  -6l.l  ppm  from  an 
external  reference  of  CCI3F. 

The  experimental  vapor  density  was  126.0  g./g.m.v.  Calcd.s  125.0 
g./g.m.v.  The  equilibrium  vapor  pressure  at  25°  was  15$  mm. 

Results  and  Discussion 

Fluorine  f luorosulf ate  was  found  to  react  with  FS02NCC  in  the  gaj 
phase  under  the  influence  of  Pyrex  filtered  ultraviolet  radiation 
according  to  the  following  equation 

/ 

FS02N-C“0  +  F0S02F  FSC^N7  NF 

soso2f 

19 

The  F  NMR  spectrum  of  the  product  showed  resonances  due  FS02N(0S02F)C(0)F 
only  and  suggests  that  no  isomers  vers  formed,  *otal  conversion  of  the 
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reactants  to  the  product  was  never  achieved  but  in  7  hr.  conversions 
approached  when  ii  mmole  of  each  of  the  starting  materials  was  used. 
When  the  irradiation  was  run  in  the  absence  of  the  fyrex  filter,  the 
product  was  formed  in  lower  yield  and  some  degradation  of  the  starting 
materials  took  place.  FOSO2F  is  known  to  produce  free  radicals  under 
thermal  excitation.^  Heating  a  mixture  of  FOSOgF  and  FS^N-OO  at 
100°  for  12  hr.  resulted  in  the  formation  of  the  addition  product  in 
liwer  yields  with  seme  degradation  of  the  starting  materials. 

Trifluoromet'nyl  hypofluorite  reacted  with  FSC^'CO  under  the  Influence 
of  ultraviolet  radiation  to  form  FS02N(0CF3)C(0)F  in  2&%  yield. 

c*° 

hV  '  'F 

FSOjN-C-O  ♦  CF3OF  JlT*  FSOgN 

nocf3 

The  product  mixture  was  less  complex  when  a  Corex  glass  filter  was  used 
than  when  the  UY  radiation  was  allowed  to  pass  directly  through  quartz. 

The  presence  of  the  other  possible  isomer,  FS02N(f)C(0)0CF3, was  not 
detected. 

When  an  equimolar  mixture  of  FSC^NCO  and  F2  was  exposed  to  UV 

radiation  through  quartz  for  15  min.,  (FS02NC(0)F)2  was  isolated  in  69% 

yield.  Some  degradation  products  were  also  observed.  The  mechanism 

0  0 
FC*  Z* 

F2  ♦  2FS02NC0  FSOg-N-N^  "f 

SO2F 

by  which  this  substituted  hydrazine  is  formed  may  involve  the  preliminary 
formation  of  the  F2  addition  product  which  then  adds  to  FSO2NCOJ 


F 

F2  ♦  FS02N-C-0  FSOgN' 

C'F 


or  FS02NC(0)F  radicals  may  form  and  recombine: 

0 

F< 

F*  +  FSO2NOO  — )  FS02-U* 

o  0  c//0 

FC*  FC*  t  VF 

2FS02~N*  — >  FSO2-N-N  -SO2F 

The  infrared  spectra  of  the  three  derivatives  show  similarities  and 
comparison  with  other  spectra  allows  some  general  assignments  to  be  made. 
Strong  bands  in  the  region  1888  cm  1  are  assigned  to  carbonyl  stretching 

0  1  ^0 

of  the  ~C'  group.  The  C-F  stretching  modes  of  the  -C*  group  have 
r  F 

12  J.  H.  Simons,  "Fluorine  Chemistry,"  Vol.  II,  Academic  Press,  Inc., 
New  York,  N.  Y.,  195U,  p.  U85. 

been  found  to  occur  at  1190  cm”1  in  FS020C(0)F1^  and  1221  and  1178  cm-1 

13  W.  B.  Fox  and  G.  Franz,  Inorg.  Chem.,  £,  9b6  (1965). 

in  (FC(0)0)21^  which  correspond  with  bands  in  the  region  — 1205  cm"1 

ll:  A.  J.  Arvia  and  P.  J.  Aymonino,  Spectrochim.  Acta,  i8,  1299  (1962). 

in  the  fluorosolfuryl  isocyanate  derivatives;  these  assignments  should 
be  regarded  as  tentative.  Absorptions  in  the  region  lii9b  and  1250  cm”1 
may  be  ascribed  to  asymmetric  and  symmetric  S-0  stretching  vibrations 
of  the  -SO2F  group.  These  values  are  in  line  with  these  found  for 
similar  compounds  containing  the  -SO2F  group,  i.e.,  -N(S02F)2^  and 


15  J.  K.  Ruff,  Inorg.  Chem.,  £,  732  (1966). 
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•N-S02F.16  A  doublet  might  be  expected  to  appear  for  the  S“0  asymmetric 

16  M.  Lustig,  C.  L.  Buragardner,  F.  A.  Johnson,  and  J.  K.  Ruff,  Inorg. 
Chem.,  3,  1165  (1961*), 

stretching  mode  in  FS02N(0S02F)C(0)F  but  none  was  obserrad  probably  due 
tn  overlap  of  the  two  bands.  CF^OSO^OSOgF  shows  only  one  band  for  the 
S“0  asymmetric  stretching  mode.1^  The  strong  absorptions  at  851*  and  82 7 

17  W.  P.  Van  Meter  and  G.  H.  Cady,  J.  Am.  Chem.  Soc.,  82,  6005  (1960), 

cm-1  are  assigned  to  S-F  asymmetric  and  symmetric  stretching  modes  in 
FS02N(0S02F)C(0)F. 16,18  Bands  at  81*2—823  cm-1  are  assigned  to  S-F 

18  H.  C.  Clark  and  H.  J.  Emeleus,  J.  Chem.  Soc.,  190  (1958). 

stretching  modes  in  FSO2h(0CF^)C(0)F  and  (FS0j>NC(0)F)2. 

19 

The  F  n.m.r.  spectra  of  the  isocyanate  addition  products  support 
their  proposed  structures.  FS02K ( OSOgF) C ( 0 )F  shows  three  resonances  of 
equal  area  appearing  at  +6.6,  -1*3.8,  and  -51*. 6  ppm  from  an  external 
reference  of  CCl^F.  The  first  resonance  is  assigned  to  ths  F  atom 
attached  to  the  carbonyl  group  since  other  molecules  containing  a  fluoro- 
carbonyl  group  bonded  to  nitrogen  have  been  found  to  absorb  near  this 
region.  7>  The  resonances  at  -1*3.8  and  -51*.6  ppm  are  in  the  regions 

19  NF2C(0)F:  G.  W.  Fraser  and  J.  M.  Shreeve,  Inorg.  Chem.,  h,  ll*97  (19-  5). 

20  (CF^)2NC(0)F:  F.  S.  Fawcett,  C.  W.  Tullock  and  D.  D.  Cofftaan,  J.  Am. 
Chem.  Soc.,  81*,  1*275  (1962). 

21  SF2«NC(G)F:  A.  F.  Clifford  and  C.  Kobayashi,  Inorg,  Chem.,  U,  571 
(1965). 


pp  pp  1 c 

associated  with  OSO2F  and  SO2F  groups  respectively.  -  Under  high 

22  F.  A.  Hohorst  and  J.  M.  Shreeve,  Inorg.  Chem.,  £,  2069  (1966). 

23  J.  K.  Ruff,  Inorg.  Chem.,  h,  11^6  (1965). 

resolution  each  of  these  singlets  was  split  into  a  pair  of  doublets 
arising  from  coupling  of  the  two  nonequivalent  F  atoms  with  the  third 
one.  Although  no  nitrogen  coupling  was  observed,  the  resonance  attributed 
to  the  -C(0)F  group  was  broadened  indicating  that  quadrupole  interactions 
may  be  important.  Broadening  of  n.m.r.  signals  for  F  on  f'(o)F  have  been 
observed  in  compounds  containing  C(0)F  groups  bonded  to  nitrogen.  The 

21  J.  K.  Ruff,  Inorg.  Chem.,  $,  1?8?  (1966), 

—  » 

larger  J  value  observed  for  coupling  of  F  on  OSOpF  with  F  on  C(0)F 
suggests  that  through-space  interactions  may  be  important  since  F  on 
OSOpF  is  h  atoms  removed  from  F  on  C(0)F.  Such  through-space  interactions 
have  been  found  to  be  important  in  the  p^rfluoroalhyl  derivatives  of 
sulfur  hexafluoride/  In  the  case  of  FS02N(0CF3)C(0)F,  t*  ree  resonances 

25  M.  T.  Rogers  and  J.  D.  Graham,  J.  Am.  Chem.  Soc.,  8b,  3666  (1962). 

were  also  observed  at  +68.3,  +6.6,  and  -$0.h  ppra  relative  to  CCI3F.  The 
areas  were  in  the  ratio  of  3  *  1  «  1  and  are  in  the  regions  associated 
uith  the  -OCF3,  -C(0)F,  and  -SO2F  groups,  respectively.  The  high  resolu¬ 
tion  spectrum  showed  a  high  field  pair  of  doublets  arising  from  coupling 
of  two  nonequivalent  F  atoms  with  those  of  the  -OCF^  group.  The  resonance 
at  6,6  ppm  was  observed  as  a  broadened  quintet  in  the  ratio  1  :  U  s  6  J  U  :  1 
arising  from  two  overlapping  quartets  due  to  coupling  of  the  -C(0)F 
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fluorine  auom  with  those  of  the  -OCF3  and  -SOgF  groups.  The  low  field 
resonance  appeared  as  two  partially  superimposed  quartets  duo  to  coupling 
of  the  F  atom  on  the  -SOgF  group  with  those  on  the  -C(0)F  and  -OCF3  groups. 
(FSC>2NC(0)F}2  exhibited  two  resonances  of  equal  intensity  located  at 
+9.08  and  -57. U  ppm  attributed  to  F  atoms  in  the  -C(0)F  and  -SOjF  groups, 
respectively.  No  fine  structure  was  observed.  Although  the  results  of 
infrared,  n.m.r.  and  chemical  analysis  indicate  that  the  empirical  formula 
is  (FS02NC(0)F)n,  they  do  not  show  that  n  equals  2.  The  conclusion  that 
n  equals  2  follows  after  a  consideration  of  ruie3  of  chemical  valence, 
comparison  of  observed  with  expected  volatility,  and  the  fact  that  the 

p  L 

material  is  uncolored  indicating  that  it  is  probably  not  a  free  radical. 

26  R.  E.  Noftle  and  G.  H.  Cady,  Inorg.  Chem.,  h,  1010  (1965). 

The  compounds  are  hydrolyzed  by  traces  of  moisture.  Hydrolytic 
attack  probably  occurs  first  at  the  fluorocarbonyl  group  followed  by 
very  slow  hydrolysis  of  the  fluorosulfuryl  group. ^ 
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DERIVATIVES  OF  B 13 (TRIFLU0R01STHYL ) KETENE  WHICH  CONTAIN  FLUORQSULFATO, 
DIFLUORAMINO,  FLUORIMINO,  AND/OR  FLUOROXX  GROUPS 

hy 

Dayaldas  T.  Meshri  and  Jean'ne  M.  Shreeve 

Abstract:  Addition  reactions  across  the  carbon-carbon  double  bond  in 
bis ( trif luoromethyl )ketene  with  peroxodisulfuryl  difluoride,  tetrafluoro- 
hydrazine,  difluoraminofluorosulfate  and  fluorine  fluorosulfate  yield 

(cf3)2c(oso2f)c(o)oso2f,  (cf3)2c(nf2)cfo,  (cf3)2c(nf2)c(o)oso2f, 

(CF3)2C(0S02F)CFC,  and  (CF3)2CFC(0)0S02F,  respectively.  While  in  the 
presence  of  CsF  only,  (CF3)2C(NF2 )CFO  is  converted  to  (CF3)2C «KF.  With 
CsF  and  F2,  the  former  and  (C?3)2C=C*=0  give  rise  to  (CF3)2C(NF2)CF2OF 
and  (CF3)2CFCF2OF,  respectively.  These  new  compounds  have  been  charac¬ 
terized  and  structures  confirmed  by  nmr,  mass  and  infrared  spectra. 

Numerous  investigations  dealing  with  the  interaction  of  bis(tri- 
i luoromethyl )kotene  ( (CF3)2C=C=0)  and  organic  materials  have  been 
reported,  e.g.,  cycloaddition  to  both  the  C*C  and  C-0  groups  occurs  with 
vinyl  benzoate  at  100°,  and  simple  alkenes  also  add  to  form  cyclobu tan ones 
and  linear  adducts.^-  Knunyants  and  co-workers  have  published  extensively 
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1  D.  C.  England  and  C.  G.  Krespan,  J.  An.  Chen.  Soc.,  d7,  1x019  (1965). 

2  -11 

on  the  reaction  chemistry  of  (CF^^C^C^Q.  However,  the  reactions 

2  I.  L.  Knunyants,  Yu.  A.  Cheburkov,  aid  K.  D.  Bargamova,  Izv.  Aka. 

Nauk  S33R,  Ser.  Khim.,  1369  (1963).  (C.A.,  £9:l5l7lih) 

3  Yu.  A.  Cheburkov,  E.  I.  Xysov,  arid  I.  L.  Knunyants,  ibid. ,  1570 

(1963).  (C.A.,  52:l5l75d) 

ii  Yu.  A.  Cheburkov,  N.  Kukhamadaliev,  Yu.  E.  Amov,  and  I.  L. 
Knunyants,  ibid. ,  IU78  (1965).  (C.A.,  63,  l6205e) 

5  N.  Kukhamadaliev,  Yu.  A.  Cheburkov,  and  I.  I,.  Knunyants,  ibid. , 

1962  (1965).  (C.A.,  6U,  11077c) 

6  Yu.  A.  Cheburkov,  N.  Kukhamadaliev,  and  I.  L.  Knunyants,  ibid. , 

333  (1966).  (C.A.,  6k,  17klld) 

7  Yu.  A.  Cheburkov,  N.  Kukhamadaliev,  and  I.  L,  Knunyants,  ibid., 

j  ok  (1966).  (C.A.,  6k,  17l;36a) 

8  Yu.  A.  Cheburkov,  Yu.  E.  Arnov,  and  I.  L.  Knunyants,  ibid. ,  562 

(1966).  (C.A.,  65,  87UOf) 

9  Yu.  A.  Cueburkov,  Yu.  E.  Arnov,  N.  S.  Kir zabeky ants,  and  I.  L. 

Knunyants,  ibid.,  773  (1966).  (C.A.,  65,  6?55e) 

10  Yu.  A.  Cheburkov,  N.  Kukhamadaliev,  X.  S.  Mirzabekyants,  ana 

I.  L.  Knunyants,  ibid. ,  1265  (1966).  (C.A.,  65,  l68$2h) 

11  Yu.  E.  Arnov,  Yu.  A.  Cheburkov,  aid  I.  L.  Knunyants,  Abstracts, 

4th  International  Fluorine  Symposium,  Estes  Fark,  Colorado, 

July,  1967,  p  56. 


cf  (Cx^) 2CcC=0  with  typical  inorganic  fluorine-containing  free  rad:  cal 
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sources  had  not  been  examined.  Subsec, uei,t  fluorination  of  these  addition 
compounds  could  lead  to  new  fluoro;:y  molecules. 

Compounds  similar  to  some  of  those  discussed  ir.  this  paper  were 

12_t  £ 

reported  by  Lustig,  Ruff  and  co-workers  while  this  work  was  underway. 

12  M.  Lustig  and  J.  K.  Ruff,  Inorg.  Chem.,  h,  li*l*l  (1965). 

13  J.  K.  Ruff,  J.  Org.  Chem.,  ^2,  1675  (1967). 

ill  J.  K.  Ruff,  A.  R.  Pitochelli  and  M.  Lustig,  J.  Am.  Chem.  Soc., 

88,  1*531  (1966). 

15  M.  Lustig,  A.  R.  Pitochelli  and  J.  K.  Ruff,  ibid.,  89,  281*1  (1967). 

Addition  of  NF20S02F  to  perfluoroalkene  double  bonds,  e.g.,  C^^,  C^F^, 
followed  by  defluoosulfuryiation,  gives  2-difluoraminoacyl  fluorides 
(CF2(NF2)CFO,  CF3CF(NF2)CFO).  The  latter  are  readily  converted  via 
CsF  catalyzed  fluorination  to  flucroxydifluoraminoalkanes.1^1^  Ruff 
reported  a  general  method  for  the  preparation  of  2-haloiminoperfluoro- 
propanes  ( (CF^C-NX)  by  the  catalytic  halogenation  of  (CFjJgC-NH.^ 

The  highest  yield  (70$)  of  the  fluorimine  was  obtained  in  the  presence 
of  potassium  fluoride  and  equimolar  amounts  of  fluorine  and  the  imine. 

Yfe  have  found  that  the  new  compound  (CF3)2C(NF2 )CFO  may  be  converted  at 
room  temperature  in  the  presence  of  CsF  to  (CF3)2C*NF  in  yields  as  high 
as  96$. 

The  reactivity  of  the  carbon-carbon  double  bond  in  (CF3)2C**C*0  has 
been  examined  with  S20£F2,  NF20S02F  and  N2F^.  Addition  compounds 

are  obtained  in  all  cases.  For  NF20S02F  and  N2F^,  the  2-fluoramino 
isomers  seem  to  be  etrongly  favored  over  the  1-fluoramino  compounds. 

When  these  fluoramino  addition  compounds  are  catalytically  fluorinated, 
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identical  fluoroxy  compounds  result.  3is(trifluoromethyl)ketene  al^o  may 
be  easily  fluorinated  to  give  a  rather  unstable  hypofluorite,  (CFg)2CFCF20F 
which  slowly  decomposes  to  C^Fg  and  COF2. 

Experimental  Section 

Materials :  FOSOgF,^  and  NF20SQ2F^®  were  prepared  and 

16  J.  M.  Shreeve  and  G.  H.  Cady,  Inorg.  Syn.,  7,  12a  (1963). 

17  F.  B.  Dudley,  G.  H.  Cady,  and  D.  F.  Eggers,  Jr.,  J.  M.  Chem.  3oc., 

76,  290  (1956). 

18  M.  Lustig  and  G.  H.  Cady,  Inorg.  Chem.,  2 ,  360  U?63). 

purified  by  the  literature  methods.  Bis(trifluoromethyl)ketene  was 
obtained  from  E.  I.  Du  Pont  de  Nemours  and  Co.  and  was  purified  by  gas 
chromatography  by  using  a  Kel-F  Haloport  column,  Tetrafluoro hydrazine 
was  purchased  from  Air  Products,  Inc.  Fluorine  was  obtained  from  the 
Allied  Chemical  Co.  and  was  purified  by  passing  through  a  sodium  fluoride 
scrubber  to  remove  HF  and  a  trap  held  at  -183°. 

Apparatus :  A  standard  Pyrex  vacuum  system  with  Teflon  stopcocks  was 
employed  for  material  transfer  because  some  compounds  dissolved  Kel-F 
stopcock  grease.  Since  the  reaction  of  S20gp2  and  (?.¥■>) 2CaC-0  required 
a  grease-free  system,  Pyrex  storage  tubes  with  Teflon  stopcocks  which 
contained  the  reactants  and  a  Pyre':  reaction  vessel  were  sealed  to  the 
vacuum  line.  The  ultraviolet  irradiation  apparatus  was  a  1-1  round 
bottom  pyrex  bulb  equipped  with  a  2  mm  vacuum  stopcock  and  a  quartz 
insert  (20  cm  long  and  2.5  cm  id)  which  was  sealed  into  the  bulb  with  a 
§  15/50  ground  glass  joint.  The  lamp  (Hanau,  Q-6l)  was  inserted  so  that 
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the  arc  was  near  the  center  of  the  bulb. 

Molecular  weight:  Molecular  weights  were  determined  by  the  method 

of  Regnaolt  and  are  listed  in  Table  I.  A  calibrated  bulb  with  a  volume 

of  2$h.h  ml  was  used  for  the  determinations.  The  bulb  was  fitted  with 

a  Teflon  1  1/U  mra  stopcock  with  a  Pyrex  10/30  S  inner  joint.  Pressures 

were  measured  with  a  mercury  manometer. 

Elemental  analysis :  2-Bil j.uoramino-2 -trif luoromethylpropi onyl 

fluorosulfate  w*s  analyzed  by  Schwarzkopf  Microanalytical  Laboratories, 

Inc.,  Woodside,  New  York.  Since  most  of  the  compounds  attacked  Pyrex 

glass  slowly  at  room  temperature  or  decomposed  if  stored  in  Pyrex  at 

room  temperature  for  a  week  or  more,  they  were  analyzed  in  this  labora- 

19  20 

tory.  Fluorine  was  determined  by  a  null  point  potentiometric  method,  1 

19  T.  A.  O'Donnell  and  D.  F.  Stewart,  Anal.  Chem,,  337  (1961). 

20  T.  A.  O'Donnell  and  D.  F.  Stewart,  ibid. ,  3kt  13L7  (1962). 

after  the  compound  was  fused  with  sodium  metal.  Sulfur  was  determined  as 
BaSO  after  basic  hydrolysis  of  (CF^CCOSOgF^COjOSOgF.  Elemental 
analyses  results  are  given  in  Table  I. 

Safety  precautions;  It  should  be  noted  that  the  new  hypofluorites 
are  potentially  hazardous  and  proper  precautions  of  shielding  and  working 
with  small  quantities  should  be  observed. 

Reaction  with  S20^F2J  After  the  system  was  flamed  out  under  vacuum, 

2  mmole  of  (CF^C-OO  was  transferred  into  the  reaction  vecr^  and 
S2^6F?  was  added  slowly  to  the  reaction  vessel  in  about  0,1  romoj.e  amounts. 
On  occasions  when  S2O5F2  was  added  too  rapidly  flashes  of  light  *cre 
observed.  Addition  of  ^0^2  was  continued  until  the  pressure  in  the 
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reaction  vessel  had  dropped  to  about  5  torr  (roughly  the  vapor 
pressure  of  the  product  at  room  temperature).-  Colorless  droplets 
of  \CF^)i,G(0-c>O^F)C(0)03v')nF  appeared  on  the  inside  walls  of  the  reaction 
vessel.  After  completion  of  the  reaction,  (CF-, )2OC*»0  +  S20£F2  -> 
(CF2)2C(0S02F)C(0)0S02F,  SiF^,  and  traces  of  (CF3)2OO0  were  removed 
by  pumping  on  the  mixture  held  at  -2o°.  Further  purification  was 
accomplished  by  passing  a  stream  ox  dry  helium  through  the  liquid. 

Yields  were  in  excess  of  9C$ . 

Reaction  with  FOSC^F:  (CF^igOOO  (1  mmole)  and  ary  nitrogen 
(10  mmole)  were  added  to  a  1-1  reaction  vessel  which  was  held  at  about 
-25°  in  an  ethyl  alcohol-water  slush  bath.  A  total  of  1.2  mmole  of 
FOSO2F  was  added  slowly  to  react  according  to  (CF3)2OO0  +  FOSO2F  — + 
(CF3)2CFC(0)0S02F  (87*£)  ♦  (CF3)?C(0S02F)CF0  The^e  percentages 

were  obtained  from  nmr  d.tta.  After  3  hr,  N2,  SiFj,,  and  excess  FOSOqF 
were  pumped  off  r.t  -25°.  Nearly  quantitative  reaction  occurs.  Satis¬ 
factory  separation  of  the  isomers  was  not  realized. 

Reaction  with  NF20S02F:  A  2-1  Pyrex  bulb  with  a  break-seal  and 
ii  mm  quick  opening  Teflon  stopcock  was  heated  to  200 — 250°  under  dynamic 
vacuum.  Failurj  to  flame  out  the  vacuum  ~ ;  stem  and  reaction  vessel 
decreased  the  yield  of  the  addition  product  and  increased  tne  yield  of 
nitrogen  oxides.  V/ hen  the  system  was  at  ambient  temperature,  2.6  mmole 
of  (CF3)2OO0  and  3.2  mmole  of  NFjOSOgF  were  transferred  into  the 
vessel  and  the  stopcock  was  sealed  off.  The  reaction  vessel  was  heated 
slowly  in  an  oven  over  a  period  of  1  hr  until  the  temperature  reached 
95°.  Keating  was  continued  at  this  temperature  for  7 — 6  hr.  The 
products  were  removed  from  the  reaction  vessel  through  the  break-seal. 
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The  volatile  products,  CO2,  SOjFj,  and  SiF^  were  pumped  off  at  -70°  and 
further  purification  was  accomplished  by  using  a  Kei-F  Haloport  column. 
Typical  yields  of  purified  (CF^^CCNFg )C(0)OS02F  ranged  between  80— 9h% 
(2,1 — 2.5  mmole).  No  positive  evidence  for  (CF^^CtOSOj^C^NFo  was 

t 

found. 

Reaction  with  ^F^:  A  mixture  of  (CF3)2C»C=0  (0.97  mmole)  and 
J*2*Lt  (2.1  nmole)  was  transferred  into  a  vessel  equipped  with  a  quartz 
insert  and  was  subjected  to  ultraviolet  radiation.  Tap  water  (about 
20°)  was  allowed  to  flow  continuously  around  the  lamp  and  over  the 
reaction  vessel.  When  the  ultraviolet  lamp  was  new,  irradiation  for 
about  an  hour  was  sufficient.  Prolonged  irradiation  resulted  in  decom¬ 
position  of  product  and  increased  the  yield  of  nitrogen  cxides.  In 
this  reaction  the  major  product  was  (CF-j^cU^JCFO  and  only  minor 
amounts  of  the  isomer,  (CF^JjCFCtOjNFj,  apparently  were  obtained.  This 
was  not  positively  identified.  (CF^)2C(NF2)CFO  was  purified  by  pumping 
off  the  volatile  products,  NF^,  NjF^,  COF2,  CC^,  SiF^.  and  lower  fluoro¬ 
carbons.  at  -78°.  Further  purification  was  made  by  using  a  Kel-F 
Haloport  column  which  permitted  efficient  separation  of  (CF^)2C(NF2)CF0 
from  N0?.  Typical  yields  of  purified  (CF^^C^^JCFO  ranged  between 
0.58 — 0.88  mmole  (59 — 91$).  Lower  yields  are  attributed  to  the  presence 
of  moisture  in  the  system  or  to  inadequ?te  cooling  during  irradiation. 

General  procedure  for  fluoroxy  compounds ^  to  3.5  g 
sample  of  cesium  fluoride  was  ground  to  a  fine  powder  with  a  mortar  and 
pestle  and  dried  in  a  vacuum  oven  for  lb  hr.  The  dried  cesium  fluoride 
was  transferred  into  a  100  ml  Monel  Hoke  Cylinder  or  750  ml  nickel  vessel 
prepared  by  soldering  together  two  nickel  crucibles  which  contained  12 
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stainless  steel  balls  (3/8  in  diam),  The  reactor  was  evacuated,  filled 
vitn  fluorine  to  one  atmosphere,  and  then  heated  to  200°  in  the  oven 
for  6  hr.  Fluorine  was  pumped  out  through  a  soda  lime  trap.  To  ensure 
the  presence  of  finely  ground  catalyst,  the  reactor  was  shaken  manually 
for  half  an  hour.  A  0.25  mmole  sample  of  (Cf^^OSFjJCFO  was  condensed 
into  the  reactor  at  -183°  and  then  approximately  2  mmole  of  purified 
fluorine,  diluted  with  nitrogen  (360  torr  Fj  ♦  320  torr  N2),  was  added. 

The  reactor  was  placed  in  a  slush  bath  (-78°)  which  was  allowed  to  warm 
slowly  to  -20°  over  a  period  of  6  to  8  hr.  When  the  temperature  of  the 
slush  bath  reached  -20°,  the  products  were  transferred  into  a  trap  main¬ 
tained  at  -183°  and  nitrogen  and  unread ed  fluorine  were  pumped  off 
through  a  soda  lime  trap.  A  similar  procedure  was  employed  for  fluorinat- 
ion  of  (CF^^C^C-O  except  the  reactions  were  carried  out  with  larger 
quantities.  (Typically  3  nmole  gave  about  2.8  mmole  hypof luorite . ) 

In  most  runs  no  further  purification  was  necessary  for  either 
compound.  Whenever  traces  of  impurities  due  to  the  presence  of  starting 
materials  or  decomposition  products  were  observed,  the  compounds  were 
purified  by  fractional  codistillation  or  trap-to-trap  distillation.  In 
the  case  of  (C1,^)2CFCF20F,  a  trap  at  -76°  retained  the  hypofluorite  and 
the  impurities,  C^Fg,  C0F,,  and  starting  material,  were  found  in  the  trap 
at  -183°. 

When  the  reactions  of  (CF^^C^^CFO  (0.25  mmole)  were  carried  out 
at  room  temperature  in  the  presence  of  only  CsF,  2-fluoroiminoperfIuoro- 
propane  (0.23  mmole)  and  carbonyl  fluoride  (0.21  mole)  were  obtained. 

The  fluorimine  was  purified  by  using  a  Kel-F  Haloport  column,  A  summary 
of  the  experimental  data  is  given  in  Table  I. 
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Infrared  spectra:  Infrared  spectra  of  new  materials  were  recorded 
with  a  Beckman  Model  IR  5A  spectrophotometer  (sodium  chloride  prism, 
5000-625  cm~l  range,  3  min  scan)  or  a  Perkin-Elmer  Model  137  infrared 
spectrophotometer  (sodium  chloride  prism,  8000-667  cm"^  range,  12  min 
scan).  The  gaseous  camples  were  contained  in  a  5  cm  glass  cell  with 
UaCl  windows.  The  following  are  the  frequencies  in  cm“^  for 
(CF3)2C(0S02F)C(0)0S02F:  1836  (s),  lii85  (vs),  1290  (vs),  1250  (vs), 

1163  (v),  1087  (s),  991  (s),  965  (vs),  873  (s),  882  (s),  805  (w),  773 
(m);  for  a  mixture  of  (CF3)2CFC(0)0S02F  and  (CF3)2C(0S02F)CF0:  1672 

(ms).  1885  (s),  1892  (vs),  1312  (vs),  1265  (vs)  broad,  1192  (ms),  1130 
(m),  1095  (m),  990  (vs),  965  (vs),  362  (s),  685  (vs),  803  (m),  776  (m), 

788  (w),  708  (w; }  for  (CF3)2C(NF2)C(0)0S02F:  1828  (s),  1890  (vs),  1280 
(vs),  1280  (vs),  1150  (m),  1065  (m),  1010  (s),  980  (vs),  952  (s),  910 
(s),  860  (vs),  888  (s),  8l8  (w),  800  (w),  775  (s),  785  (w);  for 
(CF3)2C(NF2)CFOj  1868  (vs),  1260  (3),  1175  (w),  1068  (w),  1008  (vs), 

987  (s),  910  (s),  785  (w),  708  (b)j  for  (CF3)2C(NF2)CF2OF:  1280  (s), 

1220  (s),  1175  (m),  1130  (w),  1062  (m),  1010  (vs),  953  (vs),  918  (s), 

883  (ms),  805  (ms),  735  (s)  broad;  for  (CF3)2CFCF2OF:  1282  (vs)  broad, 

1195  (sh),  1165  (s),  1125  (s),  985  (vs)  broad,  882  (3),  S08  (s),  750  (s), 

727  (s);  and  for  (CFOgC-N-F:  1639  (m),  1350  (vs,.  50  (vs),  1213 

(vs),  ll6l  (sh),  1023  (vs),  980  (sh),  733  (r  . 

19  19 

F  NMR  spectra:  yF  nmr  spectra  were  recorded  at  room  temperature 
lath  a  Varian  Model  V  8310  spectrometer  operating  at  80  Me,  a  Varian 
Model  DP-60  spectrometer  at  56.8  Me,  a  Varian  Model  8311  B  at  80  Me  or 
a  Varian  HA  100  at  91.8  Me  (at  -60°).  In  all  cases  CCl^F  was  used  as 
an  external  reference  and  resonances  are  given  in  ppm.  The  chemical  shifts 
and  assignments  are  given  in  Table  II. 
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Oxidiztnp  equivalent:  The  oxidizing  equivalents  of  fluoroxy 
compounds  were  determined  by  permitting  the  weighed  sample  to  react 
with  aqueous  acidic  iodide  solution  and  titrating  the  liberated  iodine 
with  standard  sodium  thiosulfate.  These  are  given  in  Table  I. 

Mass  spectra;  Mass  spectral  cracking  patterns  were  recorded  with 
a  Consolidated  Engineering  Corporation  Type  21-103  mass  spectrometer. 

The  ionizing  potential  was  70  volts  at  ambient  temperature.  The  princi¬ 
pal  peaks  in  the  spectra  of  the  compounds  are  given  (species,  mass 
number,  relative  intensity).  (CF-j)2C(0S02F)C(0)0S02F:  C0+,  N2+,  28,  17 

CF+,  31,  20}  02+,  S02++,  32,  12;  C02+,  88,  23}  SiF+,  1*7,  9;  S0+,  1*8,  28; 
S02+,  61* ,  38}  Si?2+,  66,  8;  FS0+,  67,  15;  CF3+,  69,  100;  C02S+,  76,  3; 
FS02+,  83,  57;  S1F3+,  85,  38;  C2F30+,  97,  23;  Si Fh+,  108,  18;  C203SF+, 
123,  7;  C3o5o+,  187,  20;  0^0+,  159,  83;  c3?303s+,  173,  13;  ChF703s+, 
289,  6;  C^O^S*,  277,  1;  C^F80?^+,  376,  1  (molecule-ion); 
(CF3)2C(NF2)C(0)0S02F:  C0+,  N2+,  28,  9;  CF+,  31,  31;  02+,  so2++,  32,  3; 
NF+,  33,  19;  C2F+,  83,  8;  C02+,  88,  17;  SiF+,  87,  2;  so+,  86,  32;  CF2+, 
50,  6;  NF2+,  52,  0.6;  C2F2+,  62,  1;  CF2N+,  S02+,  68,  8;  FS0+,  67,  0.5; 
CF3+,  69,  100;  C3f2+,  78,  1;  C02S+,  76,  3;  S03\  80,  7;  C2F3+,  81,  3; 
FS02+,  63,  2;  SiF3+,  85,  11;  C^*,  93,  8;  C2Fli+,  100,  5;CF03S*,  111,  2; 
02^0^,  153,  0.9;  CuF6+,  162,  35;  CijF?+,  161,  13;  C^N*,  163,  0.6; 
C3F8N+,  202,  0.2;  C1;F8N0+,  230,  0.7;  and  for  (CF3)2C(NF2)CFO:  C0+,  N2+, 
28,  0.8;  N0+,  30,  0.9;  CF+,  31,  0.9;  02+,  32,  0.5;  NF+,  33,  0.6;  C02+, 
88,  1;  N02+,  86,  2;  NF2+,  52,  1;  CNF2+,  68,  0.8;  CF3+,  100,  69;  13C?3+, 
70,  1;  C2»F2\  76,  1;  C2F3+,  Si,  0.6;  SiF3+,  85,  0.3;  C^*,  93,  0.5; 

c2f3n+,  95,  0.5 !  c2fIi+,  100,  l;  c3f^+,  131,  0.3;  c3f6+,  150,  0-5;  c3f?+, 
169,  0.7;  CjF7\  181,  0.6;  C3FqN+,  202,  0,5. 


F  NMR  Spectra  (Chemical  Shifts  in  ppm) 
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Results  and  Discussion 

Infrared  spectra  of  these  new  compounds  have  many  bands  in  common 

and  some  assignments  are  possible.  Absorbances  in  the  18?2— l82h  cm-1 

region  are  attributed  to  0=0  stretch.  The  asymmetric  and  symmetric  S“0 

s  Iretching  frequencies  of  the  OSC^F  group  are  assigned  to  bands  in  the 

12^92 — 1JU8S  and  the  1265 — 12li0  cm"1  regions,  respectively.  These  com- 

-121 

pounds  have  typical  C-F  bands  located  between  1350 — lfb»p  cm.  .  N-F 

21  L.  J.  Bellamy,  "Infrared  Spectra  of  Complex  Molecules,"  2nd  ed., 
Methuen  and  Co.,  Ltd.,  London,  1959,  p  126. 

vibrations  result  in  bands  from  1023—910  cm’1.1'"  The  bands  assigned 

to  S-O-X  stretch  in  numerous  fluoro'ulf ate  derivatives  are  found  in  the 
-1  17 

vicinity  of  790  cm  .  Bands  assigned  to  S-F  stretch  occur  between 
873— 8U2  cm-1.12  The  bands  at  882  and  8S>  cm"1  in  the  fluoroxy  com¬ 
pounds  are  attributed  to  0-F  stretch.1^*22  In  (CF^/^C^NF,  an  absorption 

22  J.  H.  Prager  and  P.  G.  Thompson,  ».  Am.  Chem.  Soc.,  67,  230  (1965). 

at  1639  cm"1  is  assigned  to  C=N. 

12  23  19 

As  is  typical  of  fluorosulfate-containing  compounds,  *  all  F 

23  F.  A.  Hohorst  and  J.  M.  Shreeve,  Inorg.  Chem.,  £,  2069  (1966). 

S-F  nmr  resonances  occur  from  -1*6.0  to  -U8 .6  ppm.  The  broaden  NF2  bands 

occur  from  —324 . 1  to  -35.5  with  the  «NF  resonance  at  -1*6.2  ppm.  CF-j,  CF2, 
and  CF  resonances  fall  from  66,1—76.3,  82.8—90.2,  and  179.2—182.7  ppm, 
respectively.  Hyperfine  splitting  has  been  useful  in  many  cases  in 
making  correct  assignments.  In  (CF^CvOSOgFjC^OSOgF,  the  septet 


(J  •  3.6  cps)  at  -1*8.1  is  assigned  to  FC^SOC-  since  this  fluorine  would 
be  expected  to  interact  more  strongly  with  the  6  equivalent  methyl 


fluorines  than  the  fluorine  of  FC^SQC^O  which  i j  assigned  to  the  singlet 
at  -1*6.8.  The  doublet  (J  *  3*6  cps)  at  +72.0  is  assigned  to  CF^.  In  the 
mixture  of  isomers,  (CF-^CCOSOjFjCFO  and  /CF.j)2CFC(0)0S02F,  the  relative 
amounts  ( s 8? )  were  determined  by  measuring  the  areas  of  the  two  OSO2F 
peaks  in  the  nmr  spectrum.  Again  bands  were  assigned  based  on  the  hyper- 
fine  splitting.  In  the  former,  the  CF^  groups  are  split  by  CFO  to  a 
doublet  (J  -  6  cps)  and  split  again  by  the  OSO2F  (J  »  3.2  cps)  to  a 
quartet  of  equally  intense  p^aks.  Although  in  theory  the  CFO  fluorine 
should  be  sp*.^..  into  ll*  peaks,  roughly  10  of  these  are  clearly  discernible 
from  the  background.  However,  from  these  it  is  possible  to  determine 


CFO-SF 


5.1*  cps  and  to  confirm  the  value  of  J 


CFO-CF: 


6  cps.  Because 


of  the  rather  small ;  nearly  equivalent  values  for  J  (3.2  cps)  and 

SF-CFO 

J  (5.6  cps),  the  SF  region  is  very  complex  but  li*  lines  are  observed 

SF-CF^ 

and  the  coupling  constants  are  co.  firmed.  The  spectrum  of  (CF^)2CFC(0)0S02F 

is  much  simpler  where  6  methyl  fluorines  couple  with  CF  to  give  a  septet 

(j  *7.3  cps),  CF  rolita  the  CF0  resonance  into  a  doublet  (Jri7  r-c 

CF— CF^  3  CF-j-CF 


■  7.5  cps),  and  the  SF  resonance  ic  a  singlet.  Similarly  for 
(CFj)2C(NF2)C(0)0S02F,  where  the  2  fluorines  of  NFg  couple  with  the  6 
equivalent  CF^  fluorines  (Jcf^-NF^  "  ^  CPS>  3-;2:l),  while  the  NF2 
fluorine  resonance  is  typically  broadeneJ  ..  th  no  fine  structure.  As 
above,  no  interaction  occurs  with  the  fl  orosulfatc  fluorine.  In  the 
(CF-j^^MFjJCFO  spectrum,  the  septet  at  -1*1.5  (J  “  9  cps)  is  assigned  to 
CFO  where  the  fine  structure  is  a  result  of  interaction  with  the  methyl 
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fluorines.  Further  splitting  apparently  from  CF0-NF2  coupling,  occurs 
but  J  is  very  small.  While  NF2  Is  a  broaden  resonance  a*  -3k. 1,  the 
CF^  resonance  appears  to  be  an  ill  defined  quintet. 

It  is  surprising  to  note  that  the  OF  group  in  neither  of  the  fluoroxy 
compounds  couples  with  the  remainder  of  the  molecule.  In  the  case  of 
(CF^^CCNF^CF^F,  this  may  be  due  to  the  iac<<  of  resolution  (which 
precludes  the  reporting  of  J  values)  but  for  (CF-^CFCF^OF  such  is  not 
the  case  (Varian  KA-100).  The  latter  spectrum  was  determined  at  -60° 
since  it  has  been  observed  that  the  molecule,  although  apparently 
reasonably  stable  under  ambient  laboratory  conditions,  decomposes  rather 
rapidly  in  the  magnetic  field.  On  heating  in  glass,  the  decomposition 


occurs  essentially  quantitatively  to  give  COF^  and  C^Fg.  The  remainder 
of  the  spectrum  for  (CF^CFCFjOF  seems  reasonable.  Coupling  between 
CF3  and  CF  gives  rise  to  a  septet  UcF-CF^  “  ?  CPS)  at  but  further 

not  completely  resolved  splitting  also  is  observed  (J  ^  3  cps).  Reso¬ 
nance  at  +75*8  ppm  assigned  to  CF3  is  a  broadened  quartet  which  arises 
from  overlap  of  CF^-CF2  (JCF  -CF  =  ?  cps)  ^8  CP3_CF  (JCF  -CF  =  ?  cps) 
interactions.  At  +90.2  ppm  is  a/peak  multiplet  which  fits  in  fairly  well 
with  CF2-CF^  (^cFj-CF^  “  ^  cps)  and  CF3-CF  (^CF^-C-F  *“  3  cps)  interactions. 
Assigning  the  resonance  at  +82.8  to  CF2  in  (CF3)2C(NF2)CF2QF  is  not  out 
of  line  since  in  CF3CF(NF2)CF2OF,  Lustig1'’  has  assigned  a  resonance  at 
+86.1  to  CF2  while  in  CF2(NF2)CF20F,  the  CF2  adjacent  to  OF  is  at  +92.?. 
Our  value  of  +82.8  ppm  is  in  keeping  with  the  trend  that  as  fluorines 


on  CF2  are  replaced  by  CF^  groups  the  resonance  position  of  the  adjacent 
CF2  is  shifted  downfield.  Chemical  shifts  and  coupling  constants  for 
(CF^)2C«NF  are  essentially  the  same  a3  those  reported  by  Ruff.13 


In  the  reactions  of  NgF^  and  t^OSOjF  with  (CF-^  )2C»C=0,  little,  if 
any,  of  the  fluoramides,  (CF^)2CFC(0)NF2  and  (CF-^  )2C(0SC>2F)C(0)NF2>  was 
observed  during  the  workup  of  the  product  mixture.  However,  in  the 
latter  case  the  presence  of  (CF^^C^O,  SG2F2,  and  CO2  as  minor  components 
suggests  that  this  isomer  might  have  formed  but  decomposed  during  the 
reaction.  However,  no  nitrogen-containing  species,  other  than  nitrogen 
oxides,  were  isolated.  In  the  case  of  the  former,  C^F^  as  well  as 
nitrogen  oxides  and  NF^  were  often  observed  as  minor  products.  Possibly 
this  isomer  was  unstable  under  tne  conditions  used.  The  nmr  spectrum 
taken  on  an  unpurified  sample  gave  no  indication  of  two  types  of  NF2 
or  OSOjF  groups  which  should  be  evident  if  even  small  amounts  of 
(CF^)2C(0S02F)C(0)NF2  were  present. 

The  action  of  CsF  on  (CF^)2C(NF2)CFO  to  abstract  COF  provides  a 
novel  route  to  (CF^C-NF  in  greater  than  90%  yield.  Not  even  after 
heating  the  residual  CsF  to  200°  for  several  hours  is  an  equivalent 
amount  of  CGF2  recovered.  However,  this  was  not  carried  out  under  condit¬ 
ions  of  dynamic  vacuum.  The  CsF  catalyzed  fluorination  of  (CF^^CO^^CFO 
and  (CF^C-CO  occurs  readily  below  -20°  to  give  nearly  quantitative 
conversion  to  the  respective  fluoroxy  compounds.  With  (CF^ )2C(NF2 JCCOjOSC^F, 
fluorination  occurs  more  slowly  and  is  encouraged  by  slightly  higher 
temperatures  (20°).  In  this  case,  (CF^^CCN^JCFpOF  and  decomposition 

products  are  obtained.  Under  no  conditions  tried  was  it  possible  to 

2  li 

retain  the  fluorosulf ate  moiety  in  the  molecule. 

2h  M.  Lustig  and  J.  K.  Ruff,  ibid.,  3,  28?  (I96ii). 


These  fluoroxy  compounds  are  not  sensitive  to  glass  or  moisture  but 
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do  attack  mercury  with  vigor.  Advantage  of  their  action  on  acidic  iodide 
solution  was  taken  to  d  tcraine  the  number  of  oxidizing  equivalents.  The 
experimental  value  of  about  1,9  agrees  fairly  well  with  a  theoretical  2 
electron  change. 

As  is  often  typical  of  flucrosulfate-containing  compounds  of  this 
type,  small  amounts  of  moisture  tend  to  produce  a  cloudy  s< lution  and 
Kel-F  stopcock  grease  is  readily  dissolved.  It  is  advantageous  to  work 
in  glass  systems  with  Teflon  stopcocks  and  without  standard  taper  joints. 

The  mass  spectral  data  are  consistent  with  the  proposed  structures, 
although  a  molecule  ion  was  obtained  only  in  the  case  of 
(CF3)2C(0S02F)C(0)0S02F.  For  every  molecule  CF^  was  the  predominant 
species. 
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Contribution  from  ahe  Derartmont  of  Physical  Sciences, 

University  of  Idaho,  Uoscow,  Idaho  ;  3043 

Some  Cho^iotr*  of  Dix  luornninocerbonyl  fluoride,  IiF2CFG.  The  Preparation 
of  Perf luorourea,  (i'r'y)2C0,  and  Dif  luorr.ninocarbonyl  Chloride,  hFaC(0)Cl. 

Few  Pr erf. rat '  ons  for  iw*’3OCFa  ana  I.’';,3C1.  ^ 

by  Geor  c  .V ,  Fraser  and  Jean'ne  i’.  Shreevo 

Reactions  of  NF2CFO  with  CFaOF  or  v/ith  AlgCly  and  nCl  yield  1IF  ,0CFa 
or  Nf3C(0)Cl,  resp.  The  reactions  of  NFsCFO  with  I.F  end  CsF  to  give 
K0CF3’.’Fa ,  KCC:.oF5f  K0CKa?6,  CsOCFai!?a,  CaOCFaFB,  and  CsOC'W,  are 
discussed,  Decomposition  of  KOCFsF.Fs  with  Cla  yields  i:F3Cl,  and  pyrolysis 
of  KCCNjjFj,  at  95°  yields  (NFa)aCO.  Spectra  and  properties  of  (i'?2)yCO  and 
I»'?.jC(0)Cl  are  given. 

This  paper  describes  some  of  the  chemistry  of  dif luorominoearbonyl 
fluoride,  !iFsC'0,  whose  preparation  and  properties  have  been  reported  in 
a  previous  note.1'  Reaction  of  KF3CFO  wioh  'rif  luoromothyl  hynof  luor  i  to, 

1  Taken  from  the  Ph.D.  thesis  of  G.  .V,  Fraser  and  presorted  in  part 
at  the  3rd  International  Symposium  on  Fluorine  Chemistry,  Munich,  1965, 

and  at  the  S'/r’-osi-jm  on  Inorganic  Fluorine  Chemistry,  Ann  Arbor,  June,  1966. 

2  G,  V.r.  Frasei  and  J.  Shreeve,  Irorg.  Chem . ,  4,  1457  (1965). 

CFaGF,  at  room  temperature  yields  difluoraminooxyperfluorome thane,  KF30CFa, 
a  oo  nouni  previously  prepared  by  the  reaction  of  befcraf luorohydrr cino , 

■'.'2-4  >  ”<ith  trif  luor  omo  thy  1  hyp  of  luoritc’’'^  and  by  oho  basic  hydrolysis  of 

3  V.'.  II.  dale,  Jr,,  and  S,  K.  ’.Villiamson,  Ibid. ,  4,  1342  (1915). 


-1- 


Shroovo , 


J.  . 


L,  G.  Duncan,  rmd  G.  Cady,  ibid. ,  _4,  IblG  ( 196.6  )• 


lifl  iorn- inotrif  lvoror.ethoxytcuraf  luoros'  lfur(Vl),  Ci*’a0oK4;.r'n.^  Sovoml 


roccr.t  rcr-ortr/’"  indicate  that  anhydrous  alumiivcn  chloride,  with  or  vri.th- 


d  ...  3.  Solomon,  L.  A.  Doc,  and  D.  W.  Schults,  J.  Org,  Chen.,  3_1,  1 5 5 1 

(loss). 

6  ’  .  lustig,  Inorg.  Chon..,  5,  131V  (1966). 

V  D.  P,  'abb  and  J.  Shreevo,  lb „■! . ,  6,  351  (1967;. 

out  a  solvent  or  hydrogen  chloride  catalyst,  is  an  effective  chlorinating 
agent  ‘’or  replacomont  of  certain  labile  fluorines  in  various  types  of 
compounds;  and  by  an  analogous  reaction  under  mild  conditions  HFsCFO  is 
easily  converted  to  the  previous ly-unreported  dif luoraminocarbor.yl  chloride, 
b?cC(o)d.  Reports  of  the  fo  nation  of  simple  anionic  complexes  between 
tho  alkali  motal  fluorides  and  carbonyl  fluoride0*5  or  hoxaf luoroacetone10’ 1 


3  D.  C.  Bradloy,  K.  B.  Red.vocd ,  and  C.  J.  Villis,  Froc.  Chen,  Soc., 

416  ( lfdi ) 

9  I!,  2.  Redv.ood  and  C,  J,  V/i  11  is.  Can.  J.  Chom.,  .43,  1893  (1955). 

10  D.  P.  Graham  and  V.  V/o inmay r,  J.  Org.  Chein.,  31 ,  957  (1966). 

11  A.  G.  Pittman  and  D.  L.  Sharp,  Ibid . ,  3_1,  2316  (1966). 

suggested  tho  analogous  preparation  of  KCCFsKFa  from  KF  and  l!FaCF0.  This 
adduct  i3  a  useful  intermodiato  for  a  preparation  of  chlorodif luoremir.o, 
:‘FaCl,^  and  K0CIJaF^.  Pyrolysis  of  the  1st  tor  is  tho  only  known  route  to 


12  For  other  preparations  of  IIF^d,  see  for  example:  (e)  W.  C.  Firth,  Jr., 
ircr.  Chon.,  4.,  254  (1965);  and  (b)  C.  B.  Colburn,  Advnncos  in  Fluorine 
Chemistry,  Vol.  3,  outtonvorths ,  1963,  pp,  100-9;  and  rofomneos  cited  therein 


porf luorouroa,  ( 


/  •>  V  V  . 


;o’no  of  v.hoso  properties  have  a.lrotuiy  '.wen  doner i1 
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13  ft.  Fraser  and  J.  F.  Shrc^ve,  Chen.  Cornun. ,  532  (r.’SSJ. 


Results  r.".d  Discussion 

Tr if lucronothyl  hyrof lueritc,  CF3 OF,  slowly  attacks  dif luoraminocarboryl 
fiuorido,  FF8CFO,  at  room  temperature  in  Pyrex  glass.  After  sovcral  hours  fcho 
starting  materials  initially  in  equimolar  ratio  appear  to  be  completely 
consumed,  and  while  considerable  degradation  and  attack  on  tho  glass  is 
evident,  difluorar 'nooxyperf  laoromethano,  NF8OCF3 ,  is  easily  isolated  from 
tho  product  mixture  in  yields  approaching  40;  .  The  presence  of  anhydrous 
CsF  aoos  not  alter  the  yield  appreciably 

25° 

NFjjCFO  +  CF30F  - >  K?a0CF3  +  CCFa 

Pyrex 

Dif luorominocarbonyl  fluoride  reacts  very  slowly  with  A18C16  at  room 
temperature,  but  the  rate  of  reaction  is  greatly  increased  by  tho  presence  of 
equivalent  amounts  of  anhydrous  MCI,  whereupon  tho  FFaC,?0  is  completely 
consumed  within  a  matter  of  hours.  The  disappearance  of  HC1  and  the  formation 
of  Cl8  and  dif luoraminocarbonyl  chloride,  X?8C(0)C1,  su  ■  est  that  the  two 
major  reactions  occur  simultaneously. 

25° 

;.?3CF0  +  A18C16  (xs)  - ^  i;F8C(0)Cl  +  (solid)  75/: 

1:01 

25° 

XF.,CFC  +  A18C1g  (xs)  +  HCi  — -—$>  2C18  +  (solid./  25) 

Side  reactions  usually  load  to  the  form.bion  of  small  amounts  of  SiF4, 

C0F2,  CCC1F,  and  occasionally  C0C18.  The  solid  phaso  has  not  boon 
characterised,  but  is  generally  suitable  for  subsequent  preparation  of 

more  ;r?8C(0)Cl. 


-4- 


1 1  fluorarr, iiiocr.r'i'u’:  yl  ‘Jnorhh*  in  co.n'-lchc  fv  e'-n,.u  <  /  ‘ 


•  o-"':  :.i'.  '  ‘  ‘  A  1.  a l.  I’ooi.i  l  on,  ornturo,  ~  only  major  volatile 

r:\vurr  bo 'r.,-.  Y-.  The  solid  rroducb  has  not  boon  chr  rnctor  j  zed  other  than 
to  no  no  tart  it  has  some  tendency  ho  absorb  !Hr  at  room  tempera fcuro.  If 
the  reaction  is  repeated  in  Lho  ]  rosonco  of  two  equivalents  of  r  r,  a  LI 
r;a r>os  are  cmrlctolv  consumod  with  liberation  of  nearly  the  theoretical 
nnouri  of  or-.  The  pink,  trnnslucont  residue  from  this  roacti'n  has  little 
ior.dcncy  to  absorb  more  Her  and  releases  i.'i-a  upon  basic  hydrolysis,  but  has 
not  boon  othorv/iso  characterized. 

25° 


bit,  UFO 


AlaPr6 

(xs) 

12  hr? 

1.3  Br-  + 

A IgSr q 

(xs) 

+  2 :13  r 

25® 

”151?.  2Br 

( s  o  1  id ) 

2  +  (solid) 


Similar  reactions  at  lew  tempera turos  lead  to  tho  formation  of  significant 
amounts  of  CC3ra  a  lorn-  with  the  3ra,  but  under  no  conditions  has  there  been 
found  ovjdonco  of  dif  lvioraminocarbonyl  bromido,  HFcC(0)nr. 

First  attempts  to  prepare  tho  adducts  KOCF^FF^  and  CsOCFaNFa  by  reactions 

of  anhydrous  KF  or  GsF  with  equivalents  or  oxeesses  of  KFaCFO  led  to  little 

or  no  reaction  at  room  temperature  without  solvent,  to  attack  on  the  solvent 

in  acetonitrile  solutions  at  room  temperature,  and  to  partial  depredation 
of  the  pas  to  COFa  in  acetonitrile  solut  .ons  at  -40°.  If  the  KF  is  pretreated 
with  hexaf luoroacetone ,  (CFa)aC0,  however,  with  tho  formation 
and  subsoqjont  thermal  decomposition  of  the  adduct  K0CF( CF^ )s  as  outlined 
bolow,  it  will  rapidly  absorb  pasoous  NF2CF0  at  room  temperature  or  0° 
to  fori  a  non-volatilo  product  stable  ir.  vacuum  which  rolooses  tho 

IF-’oCFO  semi  quantitative  ly  upon  warning.  The  product  appears  to  be  the  simrlo 
salt  KJr0CF,,ITa-. 


'  +  CO  (x^ 


+  (c?.,),.co 


i.  ^  »•  • '  i ;  0 

+  ?:*>v.bFO  Us) - — -^koo’oI  (bf>-po,.) 

no  solvent 

ff  +  i.:-’nc?o  (+  cof3  +  ti. ,f„ ) 

An  ana  to  ous  reaction  with  pretreatod  CsF  c.r.d  l.bVXFO  led  to  partial  degradation 
of  the  j7"  s  to  Cv. i’2,  and  little  or  no  Cgl .'CFa«Fa  was  bolieved  to  havo  fornod. 

A  solid  product  insoluble  in  acctonitrilo,  t ho  men 11 y  stable,  and  strorply 
oxidising,  and  which  may  be  CsOCF2l.F2 ,  was  observed  in  seni-stoichioretric 
reaction  of  tho  typo: 

25° 

Csl  +  Cr 3Cr  0  c,-r  ClV^  CsOC2i'  g 

-40° 

CoOC0F8  +  NFaCF0  -;i3Cl,  >  CFgCFO  +  CsOCFaUFa  (?) 

The  3alt  K0CFaNFa  is  chemically  reactive  but  has  been  found  to  have 
litule  synthetic  value.  Fluorination  mi^ht  be  expected  to  lead  to  t’no  unreported 
d if lucro(dif luoranino)nethyl  nypof luori  to,  KFcCF30F,  but  under  all  conditions 
examined  leads  only  to  Ci'3CF  and  Similarly,  chlorination  of  10CrVhFa 

in  the  presence  of  id1  yields  chlorodif luoramine,  NFaCl,  in  6b,.  yiold,  a 
reaction  which  has  some  synthetic  interest.  The  reaction  of  KCCFoKFg  with 
3ra  yields  tetraf luorohydrazinc,  iw'  ,  instead  of  the  unronor,ed  bromodi- 
flu  -amine,  N?a3r. 


"cc:7a:r.’a 

+  2  Fa 

-164°  -,P 

- ->  K.  + 

CF30F  +  Kh’:i 

-40° 

::oc?dT?.; 

+  iir 

+  Clo  > 

KC1  +  KF„C1  h 

“  Cii^CTv 

" 

2KOC?ai7?a  +  2KF  +  3r; 


•  CH3CI 


7^  2KBr  +  S.-F,  +  2K0CF, 


frnnti]:  v  vi!nM rorr,  M*’  or  i  rctror. boil  KF  rcncta  (clov.  Jr  or  rai  ndlv 


v/hc  re 


analytical  and  spectral  data  on  then  are  unavailable. 

Snail  samples  (less  than  0.5  mnolo)  of  hOCF2I!Fc  have  always  decomposed 
smoothly  to  KF  and  KFoCFO  upon  heating,  but  solid  samples  of  (approximately ) 
KOOKoFg  (0.3  nmolo  or  1  ss )  explod  .)  violently  when  heated  to  70°,  and  slow 


decomposition  at  lowor  temreraturos  does  not  yield  apr.rcciablc  amounts  of 
perf luorourea,  ('!F;, )aC0.  If,  however,  the  sample  of  XOCiVFj,  is  sufficiently 
imunre  with  aOCF^FF,-,  (the  roc. ..umended  molar  ratio  of  aQCI!3Fr  to  K0C?a  va 
being  no  higher  than  1:1),  it  nay  usually  be  decomposed  at  (J5°  without 


exploding.  Characterization  of  the  gas  mixture  thus  liberated  indicates 
that  approxinato'y  25/o  of  the  K0Ci’oFB  decomposes  no  (l'F2;2C0  and  K7,  wnile 


tho  ronaindor  yields  C0Fa,  KaFa,  and  probably  KF^OFO.  The  absence  of 
tetraf luorohydrazine,  KaF,. ,  in  this  gas  mixture  indicates  chat  the  (FF;;)aC0 
probably  does  not  arise  from  radical  recombination,  e.g. ,  lTFa*  +  *C(0)UFP_ , 


Fluorine- 15  nuclear  na  notic  resonance  si icctra  of  puro  , 

Y.v  ,,c(0)Gl,  no  }-:C0,  with  external  CCi;v'  reference,  wore  run  in  sequnneo 

under  identical  conditions.  The  chemical  shifts  of  the  signals  as  si  ynod  to 
the  i  Fo  fluorine  nuclei  wore  -23.7,  -40,4,  and  -7>0*,8  n.p.m.,  respectively. 
Internally  referenced  h’FnCF0  shows  the  correspond ing  signal  at  jA-33.1. 

Banks,  ot  al.,^  report  for  N,h’-dif luorouroa,  KFjjC( 0 /.!'!2 ,  ft*  ca.  -33; 

4  R.  S.  Ranks,  R.  K.  Haszeluine,  and  J.  P.  Lalu,  J.  Chom.  Soo.,  C,  1514  (1906). 
^roemnn-^  roports  for  N,F-dif luoroacetanide,  K.vi,c(o)Cii3,  ca.  -30;  and 

15  -J.  P.  Freeman,  Advances  in  Chemistry  Series,  No.  3  Amerionn  Chemical 
Society.  -Yashington,  D.  C.,  1962,  p.  129. 

1  A 

Koshar,  ot  e.l»,  report  for  bis(dif luoraraino )dif luoromothano,  (hF3)3CF3, 

16  R.  J.  Koshar,  0-  R  and  R.  A.  Foiklejohn,  J.  Or".  C'nem.,  31, 

4232  ( I960 ) . 

w  -19.0.  It  is  interesting  to  note  that  all  reported  compounds  containing 
the  NFoC(O)-  structure  show  the  NFa  resonance  in  the  narrow  rango  of  ft* 
cn .  -30  to  -40. 

Experimental  Section 

Starting  Matorials . --The  preparation  and  purification  of  d if luoramino- 
carbonyl  fluoride  has  already  been  described. 6  Hoxaf luoro&cotone  (Piorce 
Chemical  Co.)  and  anhydrous  hydrogen  bromide  (flatheson  Co.,  Inc.)  were  used 


v/ it, non  ,  urn:  ic  o  .  Anhvorous  hydro, 'fin  chloride  bus  iT',i-,irod  from  concentrated 
sulfuric  acid  end  sou  ium  chloride  nn<i  was  dried  hv  frnoti o-n]  ooniorsal  ion  fit 
-.  0‘ .  Anhvdronr  aluminum  chloride  (.1.  V.  Baker  homical  do.)  and  anhydrous 
n  loin  i  nun  bromide  (Fisher  Scientific  Go.)  wore  purified  ns  noodod  by  sen  liny  tho 
desired  amount  into  n  sideline  on  the  reaction  bulb,  subl  ininy  the  volatile  material 
into  tho  bulb  under  dynamic  vacuum,  and  sen  liny  off  nr.d  removing  the  non- 
volnt ;  le  res  nine  in  oho  sidcurm.  Fishor  certified  roar, one  acetonitrile  was  usod 
without  purification  except  to  store  it  at  nutoyenous  pressure  over  calcium 
hy  r  do  (fetal  hydrides,  Inc.)  at  room  temperature  in  a  vessel  from  which  it 
could  bo  taken  as  needed  directly  into  the  vacuum  system.  Cesium  f Ivor  id o 
(anhvrirous,  99>,  K  and  K  Laboratories)  and  potassium  fluoride  (anhydrous 
granular  reayont.  Allied  Churr.ical)  were  dehydrated  as  needed  by  scirr,  ■  in 
a  porcelain  crucible  over  a  flame  and  immediately  transferrin, y  while  hot  the 
desired  amount  into  the  clean,  tared  reaction  bulb  for  weiyhiny.  Carbonyl 
fluoride  was  prepared  from  carbon  monoxide  (Lathes on  Co.,  Inc.)  and  fluorine 
(Allied  Chemical)  and  was  purified  by  fractional  codistillation. ^  It  was  not 

IV  0.  H.  Cady  and  D.  P.  Sie.ywarth,  Anal.  Chen.,  3d.,  old  (  I'JbO ) . 

oonrletcly  freo  of  carbon  dioxide.  Trif luoroacetyl  fluoride  was  prepared  oy 
rea^tiny  trif luoroaco syl  chloride  (i‘.  and  K  laberater ies  )  with  an  excess  of 
anhydrous  ccniir  fluoride  in  acetonitrile  solution  at  room  temperature,  The 
CP3CF0  was  liberated  b,r  tho  decomposition  of  its  adduct,  CsOC2?r>,  at  95°  after 
evaporation  of  tho  solvent,  and  no  purification  was  necessary/-.  Trif luoromebhyl 
hypofluoribe  vras  obtained  from  Dr.  Claude  Merrill  (Dow  Chomical  Co.)  vms  was 
purified  by  filtration  at  -ld4°.. 

General  Irocoduro. —  l  ost  reactions  were  run  in  2b-  cr  50-nI.  Ijyrox 
bulbs  which  wore  fitted  with  a  stopcock  by  cans  of  14  ^0  g  ,y round  joints. 

Cases  and  volatile  liquids  wore  handled  in  conventional  ylass  vacuum 
apparatus  under  conditions  of  hiyh  vacuum.  A  Kol-i-’  oil  (Grade 
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!  invo:; <-«.•»  '  ini"  •  and  Manufacturing  Co. )  null-point  pros. -jure  transducer  vms 

used  in  hsndlin  go hi  paly  corrosive  to  mercury.  Caseous  starting 

materials  and  nurified  products  wore  weighed  and /or  measured  quantitatively 

by  i.T  da  In  .  iSxcont  where  noted,  all  acotonitri  lo  solutions  with  nibrogun- 

fluorinc  solutes  wo  e  kept  at  -35°  1  6°  to  prevent  attack  on  the  solvent. 

reactions  involving  such  solutions  wore  workod  up  by  pumping  out  the  gn:; 

at  -40 8  throu'-h  a  sories  of  traps  at  -60°  and  -l~t4°.  hart  or  all  o'  the 

solvent  was  thon  romovod  by  warmin',  tho  roaefcion  bulb  to  0°  while  riiminr 

through  tho  traus.  For  a  continuin'  reaction  soquonco  in  solution,  the 

solvent  trap)  was  thon  returned  to  the  reaction  bulb  while  the  gas 

( - 1 84 °  bran)  was  frood  of  any  romuinin  solvent  by  fractional  condensation 

at  -80°  prior  to  quantitative  measurement .  When  necessary,  gaseous  products 

17 

were  separated  by  fractional  codistillation  using  an  unpacked  12-ft., 

1/3  -in.  o.d.  aluminum  fractionating  column  coiled  to  4'it  into  a  half-pint 
Dowar  flask. 

Infrarod  spectra  (5000-625  cm.  ,  3 -min.  scan)  of  Ni?aCii'0,  ITF3C(0)C 
and  ('<  CO  wore  obtained  on  a  Bookman  IP.5A.  spootrophotometor  using  a 
gas  cell  with  KaCl  windows  and  a  path  length  of  50  mm.  nigh-resolution 
nuclear  magnetic  resonance  spectra  of  these  three  compounds  were  taken  at 
room  temperature  using,  a  modified  Varian  Df-60  spectrometer  (56.4  !■' c .  /s o c . ) 
by  scaling  tho  puro  liquids  in  caj.i  1  la>'ios  (ca.  1.5  mm.  o.d.)  which  wero 
floated  in  tho  external  rcfcronco,  CCla?,  in  standard  5 -mm.  tubes. 

Caution!-- ibitrogen-f luorino-containing  materials  ore  strong  oxidizing 
agents  and  in  tho  presence  of  acetonitrile  constituto  potential  safety 
hazards.  Handling  and  freezing  of  such  mixtures  must  always  be  done  with 
adequate  precautions.  Solids  (e.g.,  salts)  which  contain  or  may  contain 
nii.rogon-f luoriro  groups,  or  the  non-volatile  residues  from  chemical 
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de~o,nposi  tier,  of  suer  soli.is  ,  "Mint  never  :■><?  hen  cod  in  iscrir.ir.r  to  1y,  for 
nan;.'  have  beer,  n/.iru  to  bo  highly  explosive.  All  ryr  ,1, moc.  iiius ;  have 
ado  qua  to  shielding ,  and  disposal  o’’  such  solids  may  bo  accompli  shod  behind 
a  shield  we t  acetonitrile  followed  v/ibh  vutor. 

l-octra  of  — The  infrared  srestr-or.  (10  mrt.  pressure)  i  ,  in 

Cm.“*:  1900  (s);  12 1C  (sj;  10.35  (r  / ;  930  in);  u.3f>  (w),  triplet;  Yt>5  (m), 

19 

trir  i’ho  K  nnr  spectrum,  referorced  extornnily  with  CCL.  ,  s’nxs  : 

- 2 o . 7  r'.p.n.  (i'i'o,  broad  and  unresolved);  and  -»1:>.  1  r.r.r.  (Ci'V,  sharp 

1:2:1  triplet,  J  -  19  c.p.s.),  T’no  poal;  area  ratio  is  approximately  3:1, 

1 9 

The  O'  nnr  snoctrum,  referenced  internailv  with  C01~?  solvent,  shows 
(/*)  resonances  at  -33.1  and  +  11.5,  but  othorwiso  identical.  rhose  data 
differ  slightly  from  those  originally  nublishod.’ 

Fra i  aratron  of  ('■ToOCP^.--  To  a  clean  250-nl.  Pyrex  reaction  bulb  v.ero  added 
0,41  mm ■  lb  f-VoCOO  and  0,41  mmole  Cr’gO?' ,  After  3  hr.  at  room  tonperaturo  tho 
gaseovs  products  (1.00  nmole)  wore  approximately  C0r'2,  N0a,  iht’a,  Si04, 
and  N?a0CFa,  and  considerable  whito  solid  (f luoros i licatcs? )  had  formed  in 
t-ho  bulb.  Tho  gaseous  products  were  shaken  for  a  few  minutes  at  room 
tonperaturo  with  moist  soda-limo  pollots  to  removo  acidic  paces.  Yiold 
of  !r?a0C-’g,  after  drying  b jy  fractional  condensation  at  -30°,  0.153  nnolo, 

3Sp.  It  -was  identified  by  infrarod  spectrum,  boilin  point  (-33°),  and 
gas  density  molecular  weight . * *4 

Froraratlon  of  .v'-20(  ,01. — Approximately  1  .  A  UC 16  was  subiinod  into 

a  50-ml.  Pyre-  reaction  bulb,  and  MCI  (0.57  mmole)  and  V.  ■'  -:CK0  (0.70  mole) 
wore  added.  After  8  hr.  at  room  temperature,  the  gaseous  produc  s  v/ore 
sens  rated  by  fractional  codistillation.  Tho  major  co-  .por.onts  wore  MCI 
Cl2,  an  i  ';,C(t  )C1.  £in  semo  rre.arabicr.s ,  losser  amounts  of  /C-.nl  .and 
■  Pod  \  were  also  found,  -ioacuirn  times  of  24  hr.  often  ro::  til  tod  in  »ho 
formation  of  CeC 1~,  which  could  not  be  sojarated  from  the  V.,t;^0;01.J 

0.533  -"nolo  ( :  i  f  )  < . .  :i( '  ;i  C 1 ,  31.  m.,g»,  n.w.  -  116  £cnlc.  I  or 


Yield: 


o 


*  •  ]  • 


or. 


m  c 


•  0  r. : ,;-  t;  (:jr.  pressure)  of  I  F.-,0(u)Ci  sc, 

1  40  Is);  iuOO  (ns);  1075  (m);  04  (3);  90!3  (vs);  770-755  (w >, 


•  ■.ID 

doublet  •  •:4D-  ori  (  ),  doublet,  '.’ho  F  nmr  spectrum  .thews  a  sir-1*.,  br<v.o 
■lior.r.nco  at  -40,4  p.p.m.  bxpor  imonhul  vapor  pressure  data  aro  a3  folio, vs 
£  f  { 0  ,  ]  (ran,  )J  :  149,  (’> ;  Did,  IS;  222,  70*  234,  142.  Those  data  suggosb 

a  Clou:; ius -Glare;, -roa  curve  given  by;  lop 1  (nun.)  «  -1350  T**1  +  7.02. 


the  extrapolated  normal  boilir.-  voint  is  -5°  C,  Tho  correspondin  ';  enthalpy 
of  vaporization  is  0.17  keal.  mole-1;  tho  entropy  of'  vaporization  (-3°C.) 
is  23.0  o.u,  ’.Vhon  gasoous  HF;,C(0)Ci  was  hold  over  v;ntor  at  0°,  its  infrared 
bands  disappeared  from  tho  vapor  phase  within  a  matter  of  minutes  with  the 
formation  of  the  -.veil-known  absorption  bands  of  iL'd'y  and  003.  The  resulting 
solution  gave  positive  tests  for  01“  and  F”.  1C.0  mg.  U3‘'3C(0)C1  was  hydrolyzod 
in  acidified  aqueous  KI  solution  for  1  hr.  ac  room  temperature.  Founa: 

0.0360  oxidizing  cguivalcnts  (as  i3”)  per  gram,  calc,  for  N?3C(0)C1, 

0,0343.  At  room  temperature,  N?3C(0)C1  attacks  mercury  slowly  to  form 
FFyO'-^O  as  the  primary  volatile  product,  is  stable  in  pyrex,  and  does  not 
react  with  lb, or  17:,C1.  Ultraviolet  irradiation  with  ltjF4  through  a 
J-yrex  filter  results  in  slow  degradation  to  FG0C1. 

Attempted  uromination  of  NF3CF0. — Approximately  1  g.  Al3  r6  vno  sublir-ed 
into  a  50-m],  Pyrex  reaction  bulb,  and  nUr  (0.5d  mole)  and  NFaGF0  (0,32  mmole) 
wero  added.  Tho  color  of  dr3  started  to  develop  immediately  upon  warning. 

After  19  hr.  at  room  temperature,  tho  volatile  material  was  removed  by  pur.oing 
(lyi)  for  10  hr.  at  room  temperature  through  a  U-trar  cooled  to  -14°. 

Found  :  0.02  nmolo  not  condensable  at  -c>0°  (CO.,  and  3iF4),  and  o.  ui  g, 

( 0, o3  mole)  Bra  containing  a  truce  of  C0Ur3 ,  which  was  iuentlfiod  by  infrarod 
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svoe hr  r>. 


i  ' 


l"hi  yinkish,  translucent  residue  in  oho  bulb,  upon  tr  fitment 


1 


Schmid  or  end  J.  Stokr,  Collection  Czech.  Chom.  (Jonmun.,  2C,  12R 1  (lf.Gi 


with  0.;-0  :  mole  r  f'V  3d  hr.  at  roan  temperature,  absorbed  0,04  r.molo. 

It  was  V't  char  ctorizod. 

Pretreu  tv.cn  t  of  l'.?,  —  In  most  rouctions  a  clean,  dry  50-ml,  lyrcx 
bulb  and  14  20  i  stopper  wore  tnrod  and  tho  desired  amount  of  prnnjlar 
uehydr.-ted  i.F  was  added  and  weighed  in  air.  The  stopper  was  then  replaced 
by  a  stopcock  and  the  Hi’  vms  ro-dehydrutori  by  flnmir.  •  out  under  dyramic 
vaeu’tz.  Anhydrous  CH3CN  and  a  molar  excess  of  (CFrj)nC0  wore  eondensed  inco 
she  bulb.  After  the  KF  had  completely  dissolved  (about  B  hr.  ac  room 
tomperaturo  with  occas ions 1  swirlinj),  all  volatile  materials  v/orc  pumped 
out  rapidly  at  abou;  50°  and  tho  deposited  h?  was  then  pur.tp.od  on  for  an  least 
5  min.  at  95°.  The  solvent  ami  (Cv5)3C0  wero  . ocoverod  essentially  unchanged 
and  were  separable  by  fractional  condensation  at  -B0°,  Typically,  21.0  r:v;. 

( 0,331  mmole)  KF,  when  treated  with  O.uO  <3.  Cu3C!.  and  0.23  (1.4  mmole) 

(Cm)300  for  13  hr.,  paired  0.4  m;;.  in  wo  ip  ht. 

Preparation  of  KOOFo.  £.. . — The  apparatus  was  a  50-ml,  Py  r o x  bulb  with 
a  1.25-mm,  "'of Ion  needle  valve  (Fisehor  and  Porter  Co.)  ar.d  a  small  open 
c idea na.  The  apparatus  was  turod,  hot  dehydrated  FF  was  added  through  the 
s  id  cam,  and  the  latter  was  pulled  off  to  seal  the  bulb.  Rewci/hin,  in  ,>atod 
that  21.0  m:;  (0.33  -nolo)  hr  had  been  added.  After  pretreatnont  of  tho 

K?  with  (CF3)2C0,  the  apparatus  was  rev/o iphed  and  was  found  to  have  panned 
0.4  m  •.  r^CFO  £52. S  rv  . ,  0.533  mmole  ( PVT ) ,  n.w.  '  93.7  J  was  condensed 
ir.  and  alla.voa  t.o  ro' ct  with  the  KF  (without  solvent  j  for  23.5  hr.  at  u°. 

After  removal  of  unroaetod  jpas  fo.23  mmole,  m.w.  =  97,  im'raron  analysis 
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indicated 

with  a  trace  of  GOi’; 

.  frequently 

'  traces 

of  (■■■ 

)  .'a.- 

n  -e 

also  found 

at  ih 

>  *3*  n-  r’rr 

i  Lu.;  was  ro.v  ?  i 

•uo  . 

UlO  r 

n.  r-ty 
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••  •  w  ■ 

.  ’  i  is  sc  ’ d  i r r 

let  v/r.s  do  on; 

0.  e  i  by 

!’.ca  h  iny 

t:hu 

i  ulb 

ac  r. i  r.  water  bath  (boh  inn  a  shield!)  for  5  rain,  while  punuiiv*  the 

liberated  r/u  thron  -h  a  U-trnp  cooled  to  Rewei  'bin"  indicated  that 

n he  so’id  lost  ohl  n~.  dnrir.p  pyrolysis.  1’ho  liberated  ;;as  (0.32  mmole, 

~  j'<  )  v.ns  identified  by  infrared  analysis  as  !!FaCF0  with  traces  of 
COrh  and  '  ”a.  fheso  data  indicato  the  formation  of  0.31  mole  hOCi''2h'?!3 
(  jG',o  convorsior.  of  tho  V."'). 

rOCFh.'Fj,  is  stable  for  at  least  short  times  under  static  vacuum  at  room 
tempo nature,  but  i!?aCF0  is  rapidly  pumpod  off  at,  o0° .  Samj  les  of  0,5  mmole 
or  less  have  never  exploded  upon  heatin'.  hOCrhh'Fo  is  immediately  hydrolyzod 
ay  water  to  C0a,  'Bit.,  haFa>  etc.  and  liberates  I3“  from  aqueous  solutions 
of  i'.l.  It  is  hi.'hly  soluble  in  acetonitrilo  at  -40°,  but  such  a  solution 
is  not  stable  at  room  temporatnre.  As  a  solid  at  temperatures  as  low  os 
-1vj4°  or  in  acetonitrile  solution  at  -iu°,  F0Cr2sfa  is  aoconroscd  br  r2 
to  ilF.jO/  and  ”F3.  In  acetonitrile  solution  it  yields  hthCl  or  !hF4  in 
p, o od  yiold  v.'hen  a  1  laved  to  react  with  an  equivalent  of  Gla  or  hr-3,  reap. 

■..CCFjgi'Fy  as  a  solid  at  room  temperature  or  in  acosonitrile  solution  at 
-40°  is  decomposed  b”  0F3f*F  to  yield  CFy.'IIF;-  or  ”f3,  resr.  An  acetonitrile 
solution  of  KfCF.fiy  is  duccn-osod  bv  C"3C(0)G1  at  -40°  lib o rat inp  CF3C?0 
and  ITFoGFO  v'lth  the  precipitation  of  fCl,  or  is  slowly  decomposed  by  UFnCl 
at  room  tonne nature  to  liCl,  ihl\; ,  ana  CG?a. 

iTornration  of  I.ThCl. — Approximately  G.l  p.  dohydrateu  K?  vras  protreated 
viitn  (  ''3)aC0  accord inp  to  the  procedure  airoady  described  and  then  allowed 
to  react  with  0.92  ranolo  I.rhCfO  ac  0°  until  the  pas  vms  absorbed.  Approximately 


P.r.  i  0.  .  1  i  w\y. 


t.’i"  :•  •  I iii.  1  <i-i .  A:';, or  reaching  o.b  hr. 


at  —  3,  -.ho  roi:  dual  j  as Q  V  .1  in  U.91  raaolo  (¥Ji /,  n.w.  -  U(J,  J'!:  an 

F  •’..Cl']  ms  moved  r.nd  separated  b--  fractional  cedis  filiation.  f io  Id  of 
i-h'.-jC  1 :  0.62  nmole  (do,.),  idonbifiod  by  gag  dons i by  molecular  weight, 

road'.  by  bo  mercury,  a. id  i  >nred  spectrum.  After  V  hr.  at  room 


19  See  note  12  (c),  p.  lib.) 

tomroraturo,  bho  solution  in  the  roaotvon  bulb  was  cvuporabod  to  dryness  and 
0.14  nmole  CiV2  was  recovered.  The  solid  rosidue  was  nob  characterized. 

TOCbod . --f.'aterial  of  this  approximate  empirical  formula,  two  preparation 
of  which  are  given  below,  nay  be  isolatol  as  a  white  solid  by  ovaporating 
its  acetonitrile  solution  at  0°  and  punning  off  the  remaining  aolvont  for 
1-2  min.  at  40°.  It  is  highly  soluble  in  ac~tonitrilo,  solutions  of  which 
are  ir.def  initelv  staDle  at  -40°  out  slowly  liberate  dd ,  etc.,  with  attach 
on  the  solvonfc at  room  temperature.  An  ncctonitrilo  solution  of  K<XX:3F3, 
when  treated  v/ith  SiCl4  at  -40°,  liberates  N?aCl,  NF.,C(0)C1,  etc..,  with  the 
precipitation  of  KG1.  Solid  K0CK2Ffl  slowly  decomposes  at  room  temperature  to 
at  least  HF2C?0,  Cod,  and  h;;bh  and  hydrolyzes  violently  or  e cplosivo ly  when 
placed  in  water,  host  nannies  explode  violently  when  her.  od  to  70°,  but 
occasio  .ally  one  will  dcccnpse  quietly  to  ( !Tr,  )aC0  (in  part)  and  i;F, 

Preparation  of  XCgi!2F3  from  Frebroated  KF. — The  apparatus  wan  similar 
to  that  already  described  for  the  preparation  of  KOC'.V.Hd .  2b. 0  ng. 

(0.44  nnolo)  KF  was  protroated  with  ( 0F3 ) •> CX *  and  then  converted  (  u.  )  to 
i'0CF:..'.n*';?  accordin'  to  the  procedures  already  described.  A.fter  pyrolysis  of 
the  latter  to  .IF,  reweighiug  indicated  that  tho  KF  was  *.i  hter  by  0.4  :n  ■ . 
rrior  to  the  formation  I'.0CF(J F3j2,  Tho  ..F  was  then  treated  with  XF. .CFO 
TV!  A  m  " .  .  0.S80  nr  o  1  a  (  PV  C  ) .  m.w,  =  99,  bl  and  ">’i2.S  v  .  anhvdrnij;:  ..Cr 

^  #  -1  '  '  *  O 


(20  nir. ) 


for  ol,:>  hr.  n  2  .°  1  3°.  i1  no  ros.  !ual  gas  v/a s  ror.r/oa  nfc  —40" 

and  he  solvent  was  pumped  oiT  ai;  0°  (in  min.)..  After  separation  were 
recovered  302. S  n  •«  Cd3C..  and  30.fi  mg.  ;;as  Jjo.47Y  mmole  ( I  V r ) ,  m.w.  = 

70.  ‘].  rho  latter  was  identified  bv  .infrared  analysis  as  COrV,  containing 
a  s-nll  amount  of  unroactod  XFoCFO,  and  on  the  basin  of  its  molecular 
.voi  ht  ,-as  estimated  to  be  0.41  nmole  (27  mg. )  and  0.07  mole  (7  mg.) 

'i.:v::C>0.  Tims  the  gas  had  decreased  in  mass  by  33.0  mg.  during  reaction 
and  V.7  m  •.  C  aCW  wore  not  rceoverod.  3y  direct  weighing  of  the  rosiduo 
(j.artially  crystallized  to  a  white  r.ol.d)  in  she  apparatus,  the  K?  had  gained 
in  wei  ht  by  03.5  mg,  from  the  observed  composition  of  the  residual  gs  s  in 
the  reaction,  the  composition  of  the  solid  product  appeared  to  bo  (element, 
mmole):  X,  0.44;  0,  0.40;  C,  0.40;  X,  0.B1;  F,  2.05;  and  0.24  nmole 
CitjCNj  corresponding  to  the  empirical  formula  ^0.  5  p 

This  KOCKjjFg  readily  dissolved  in  a  small  amount  of  CHaCN  at  0°.  About 
0,5  ml.  i:30  was  frozon  onto  t'  solution  ana  upon  warming  to  room  temperature, 
no  visible  reaction  occurred.  (Previous  experiments  showed  that  solid 
XOGXoFg  hydrolyzes  violently  or  exrlosively  in  water  to  HXF3,  KcFo ,  CC2, 
etc,).  All  volatile  material  in  the  roaction  bulb  was  then  transferred 
ir.  vacuo  to  a  bulb  containing  acidified  aqueous  KI  solution,  and  he  Ia“ 
liberated  at  room  temperature  was  titrated  with  standard  thiosulfate  solution. 
Pound:  3.01  mequiv.  ^Calo.  for  0,44  nmole  XuCiUFg ,  3.5ii  mequiv.  ;  calc, 
for  0.40  mmole  iX'CXaFB,  3.20  mequiv."]. 

Preparation  of  XGCX-XF,,  from  untreated  XF. — In  a  25-ml.  reaction  bulb 

.  ,m  ■■■  ■  ..  ■  —  ■  ■  ■  -  I.«I  Jl.  ■  .  .  ■  ■  ■  ■  ■  ■  ■  ■■  ■ 

15.3  mg.  (0.25  mmole)  dehydrated  granular  KF  vms  weighed  out  and  treated 
with  0.52  mmole  (fVT)  UfaCF0  and  421.5  mg.  Rnhydrous  C':3CX  for  25  hr.  at 
-35°  t  3°,  by  which  time  the  KF  Imd  completely  dissolved.  The  residual 
gas  vms  romovod,  mcasurod,  and  roturncu  to  the  roaction.  After  an  add  it  5  one 1 
21  hr.  it  vms  again  removed  anu  measured,  ur.d  there  was  found  no  appreciable 


ch""  ,i  in  its  nu-viti  tv  or  cons  os 't ion  (0.3U  nmole,  C>  t’.,  .v:  fch  a  small  amount 
f  ur.-osn 'o>:  -  The  solvent  was  pumned  off  for  20  nin  at  -25°,  and 

all  but  2b  m '  •  ’.ms  rocovord .  After  sitting  50  min.  at  room  temperature, 
the  solid  product  in  the  reaction  bulb  released  21  me.  CH3CIJ  and  0.02  mmole 
gas  (C0Fa,  ih'Vj,  and  JizVxro J .  An  additional  25  hr.  at  room  tenporaturo 
released  0.055  “sole  gas  of  similar  composition,  and  0.015  mmole  gas  wn s 
t  unrori  off  when  the  solid  was  then  warmod  to  60°  for  a  few  minutes,  in 
a  few  minutes  at  75°  the  sol  id  released  ca.  3  mg.  CHa(M  and  0.20  mmole  gas 
^O'jdo,  Y:V r,C?0,  and  ( b'F3  )cC0l,  and  subsequent  heating  to  Ob*  liberated 

O.Oo  mmole  gas  of  similar  composition. 

hreraration  of  KpC'i.;3F0(  ? ) . —  In  a  typical  react  ion  42.3  m;;.  (0.73  nmole) 

KF  vras  pretreated  with  (CF3)3C0  according  to  the  procedure  already  described 
and  was  then  treaten  with  0.79  mmole  FFgCFO  at  0°  for  12.5  hr.  Characteri¬ 
zation  of  the  residual  gas  indicated  the  formation  of  0.65  mole  K0CF3i  r’2 
(69,-  conversion).  This  product  was  treated  in  situ  with  1.56  r-nolo  h-FnCF0 
and  756.5  mg.  anhydrous  CH3CN  for  52  hr.  at  -55°  t  6°.  Tho  residual  gas  in 
the  system,  after  28  and  52  hr.,  respective lv,  vms ;  11.  mg.,  3.53  rondo, 
m.w.  =  77.8;  11C  mg.,  1.54  mole,  m.w.  =  76.6.  On  tho  basis  of  molecular 
weight,  this  gas  mixture  was  estimated  to  be  1.03  nmole  (db  mc . )  CnFa  and 


O.bi  mole  (bU  m  .)  lfi'aCFe;  this  vrac  qualitatively  confirmed  by  infrared 

analysis.  Consequently  the  solute  (which  wus  r.oo  isolated)  has  the  apparent 

composition  (element,  mmole):  a,  0.73;  0,  0.69;  ,C,  0.69;  3,  1.72;  F,  3.03; 

corresponding  to  the  empirical  formula  X,  0,  nC.  V.  ?r  . .  Tneso  data  nro 
1  a  1.1  t.O  1.0  2.5  5.6 

consistent  with  the  assumption  that  the  soluto  is  0.4  mmole  K0ChaFs  ar.d 


0.3  ?.molo  r  )v,.3 g. 


-II'- 


..T.on  this  solution  ms  treated  with  0.!  nolo  I.'w.CFO  for  24  hr.,  tho 
residual  one  v.'fls  fo  nd  to  be  0.3  mole  Gi "P;>  and  0.5  nmole  hFaCF0.  Troatment 
of  tho  resultir  solution  with  0.9  nro'o  CvF;!  for  23  hr.  yioldod  0.'/  mnolo 
CGF^  and  0.3  nnolo  hF;:CrO,  ana  subsequent  treatmont  of  tho  solution  with 
0,8  mnolo  i  i\C:’0  for  V2  hr.  yioldod  0.3  rnolo  C(  fr  and  0.5  rsnolo  F”aC?0. 

Theso  values  are  approximate  and  were  determined  by  fractional  cooisti llntion 
of  the  residual  me.  This  solution  of  (apt  roximnte ly )  /  0CU;4F(J  was  then  treated 
with  1,4a  mmole  CF-jCFO  for  25,5  hr.  at  -35°  +  5°.  Tho  residual  gas,  after 
separation  by  fractional  eodistillation,  vras  1.47  mmole  pure  CF^  ;F0. 

KOCKqFg  is  deposited  as  a  white  solid  by  evaporation  of  its  aeotonitrilo 
solution.  It  is  highly  soluble  in  acetonitrile  at  -40°  and  neither  the 
solid  nor  solution  arc  stable  at  room  temperature.  Its  chemistry  has  not  been 
studiod  other  than  to  note  that  in  acotoritrile  solution  ut  -4o#  it  rot ets 
raridly  with  Cly  and  liberates  l.'FaCl,  l:FaCP0,  I1F3C(0)C1,  and  probably 
("Fa)sC0,  although  the  laste-  could  net  be  isolated  from  tho  gas  mixture  for 
positive  identification. 

Preparat'  on  of  (FF.,  ).,C0.--In  a  5U-m.l.  Pyrex  reaction  bulb  20. C  mg. 

KF  (0.34  mmole)  was  pretroated  with  (CFa)aCO  according  to  tho  proceduro 
already  dcseribod.  It  was  then  treated  with  0.39  nnolo  !rFs>(’,F0  at  0°  (no 
solvent)  for  13  hr.  ana  the  residual  gas,  0.05  mmole  ["essentially  (CF^ )-«.  CO 


and  C  :'.~j ,  vms  remove  .  •  wojLo  I."/,  CFO  and  abort  1  2  ml.  auhyii reus 

Cn^Cl,’  wore  ccndorr.od  onto  tho  noli  v,  1.0(1’.,  .Kn )  and  the  reaction  ’van  h/'pt 
at  -40°  for  2  hr.  Tit o  residual  pas  (after  rom/val  i’ron  C”;v:F.:,  ('».  Id  nnole 


)  vms  u:  r.-e  :  c 


ff  at  — 1  0  an  i  the  solvent  v:as  pumped  c’T  at  0°  (ci  .  10 


run.  .  7;  e  residue  in  the  bulb  was  pumped  on  for  2  r, ‘  .  at  40°  ,  vainrom  on 

it  crystallized  to  a  white  solid  ar.d  liberated  0.02  mmole  of  ga s  ('  /..tin' 
ar.fi  Ce.'j)  are  0.13  nmole  CFaCF.  Tho  solid  was  then  pvrolyzcd  by  heating 
tho  bulb  to  Po°  with  a  water  bath  for  2-3  min.  v/hilo  rumr  in,"  tho  liberated 
panes  thro  -h  a  U-trap  cooled  with  liquid  nitrogen.  (Cav.bionl  Adequate 
shiolding  is  necessary,  as  such  a  solid  occasionally  explodes  violently 
whon  hcatod).  The  trap  was  thon  v/arrod  to  -80°  and  volatilo  no'erial  vms 
distilled  out  into  a  storage  tube,  leaving  O.GQ  mole  CiiaCN. 

The  residual  KF  in  the  .bulb  was  thon  used  directly  for  sovcral  subsequent 
ono-stcr  preparations .  Typically,  G. 50-0. 55  mmole  hit, CPU  nnd  C«  5  ml.  ChaCF 
v/oro  condensed  in,  and  after  a  reaction  tino  of  3-5  hr.  at  -40’  the  rroduct 
was  worVrod  up  and  .pyrolyzed  exactly  as  described  above.  ITctroab’  '"vt  o’’  tho 
Kv  with  (C-3)a00  and  rolirir.ary  Torration  of  ,  OCFjbTT  Qo  msuro  adequate  removal 
of  rosidua]  (C;’:, )i:C0  from  the  system]  was  uses  only  for  "new"  KF. 

Tho  gas  mixtures  from  two  or  throe  pyrolvsos  wore  combined  for  sotar  tion 
by  fractional  cod^st:  llation.  Generally,  first  a  small  snnrlo  of  Ih'bCFO 
vms  put  throw  h  uhe  ar.aretus  to  dry  tho  column,  etc.  Tho  gosoouo  rroducts 
from  a  typical  pyrol-cis  were:  0.15  mo  la  law-boil  inr  fraction  (nrrrarilv 
cis-hobo ,  CO. A, ,  and  COb) ;  0.17  mmole  :.TaCF0;  a  trreo  of  ■3.‘Fa ;  and  0.05 

mole  i."vh.);..C0.  based  or.  the  estimated  content  of  K0C::'(i;Fn )a  in  tho  solid, 
the  viola  of  (b''3);;C-  apjearod  to  be  25-30,  . 

The  inf -area  sroctrum  (20  am.  rrossuro)  of  (FF2)oCC  is,  ir  on.  ~ ^ - 

1550  vs/;  liG  (m);  TVu  (;» )  ;  02  G  (vs);  of  5  (n) ;  84M  (m/ ,  doublet;  720  y  , 

'  o 

.  Tho  r  **'  rr,r •  spectrum,  snows  a  si:.,  , 


broad 


bread  rosonanco  at  -30.8 


-20- 


.  ,  ,  ..  Tixt:  as  t-  molecular  voi  hi,  wns  101  1  1  (on lc.  15::  .  Uifrarod 

nr.n lvs is  ins'cal.eb  t’uvb  the  ;  as  reacts  instantly  with  wator  vn;  or  ah  root* 
to~n  cr:  bare.  V.r  for  *  only  GO,  ruin  "I.Vr. .  10.4  in,',.  (I1',.  ;,-.C0  was  hydr olyzoG  in 

ne'e’.’  'ic-i  -vp,  icons  III  solution  at  room  temr err. t nrc.  vound  :  0.0592  oxidizing 
oouiva lnr  1.:-.  (as  I3”)  -  or  'ran,  calc,  'or  (l  :’- 0,0002.  The  pure  com.}  our.d 
forms  a  era chad  glass  at  -]'j5°  and  boils  roar  -20°  (estimated  by  fractional 
cdisc:  liati  on11 ).  It  may  no  handled  in  conventional  glass  vacuum  apparatus 
and  does  r.ot  attach  mercury  at  room  temper;- turo. 


Procuration  of  GsOC.'t, ; F3( ? ). — 60,0  mg.  (0.59  mmole)  dehydrated  Cs? 

•.van  n  1  lowed  to  react  with  0.64  rmolo  CvoGK0  and  1,85  Cb3C,:  at  roar! 
temperature  for  24  hr.  The  unroactod  gas  was  0.50  mmole  0;’'3C:,,o,  indicating 
the  formation  of  0.54  mm, ole  CsOO^Kg.  0.59  mnoio  ;.f’8Cir0  was  frozen  onto  this 
solution,  and  after  reacting  25  hr.  at  —10°,  the  solvent  was  pumped  off 
completely  at  -25°.  Tho  *,as  recovered  from  the  reaction  (0.40  mmole),  after 
separation  by  fractional  codictil lation,  was  found  to  bo  C.  11  mm.olo  of 
(essentially)  GOA,  and  0.27  mmole  CfhjCr’O.  Tho  solid  product  was  slowly 
heated  to  100°  while  pumping  but  liberated  only  nicromolar  amounts  of  G0F:i , 


CA,C  ’0,  and  CTr3C!I.  It  was  apparently  insoluble  in  C!I3CM  and  liberated 
considerable  I3“  from,  aqueous  rl  solution. 

Reaction  of  l.TACFO  with  CsF.--64.3  mg.  (0.42  mnolo)  dehydrated  CsF 
■was  allowed  to  react  with  bFsCF0  |lGo.7  mm.,  1.09  mmole  ( i'Vpj,  m.w.  =  97.  if] 
and  291.2  r.p:.  anhydrous  G!!3Cb.  After  4  hr.  at  -40°  the  GsF  had  comi  lci.oly 
dissolved  and  after  5.5  hr.  the  gas  was  removed.  On  the  basis  of  infrared 
analysis  and  molecular  weight  j_46.'"  mg.,  0.639  mmole  (phi),  m.w.  -  72. o] 
it  was  found  to  be  approximately  0.51  -mole  (54  mg.. I  Ct  f8  and  0.13  mmole 
(13  my. )  ih‘r>CP0.  Gonsoquontly  tho  composition  of  tho  non-volatilo  solute 
appeared  to  bo  (olenent,  m.molo):  Gs,  0.42;  0,  0,44;  G,  0.44;  i-  ,  0.95; 
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A  SIMPLE  METHOD  FOR  THE  PREPARATION 


OF  NITROSYL  FLUORIDE 

by  Cbarlcs  T.  Ratcliffe  and  Jean'ne  M.  Shreeve 
(Department  of  Physical.  Sciences,  University  of  Idaho,  Moscow,  Idaho  83843) 

An  easy,  straight-forward  method  for  the  synthesis  of  nitrosyl  fluoride 
has  been  discovered  which  requires  only  simple  laboratory  entities  compared 
to  more  difficult  methods  previously  reported.^ 

The  pr°paration  consists  of  the  reaction  of  nitrogen  dioxide  with 
either  KF  or  CsF  to  give  essentially  pure  ONF  as  the  only  volatile  product. 

The  solid  residue  remaining  is  the  alkali  metal  nitrate.  The  reaction 
proceeds  smoothly  at  room  temperature  in  either  a  Pyrex  glass  or  metal 
reaction  vessel.  Temporary  storage  of  the  product  in  the  reaction  vessel 
without  noticeable  decomposition  is  possible. 

In  a  typical  run,  3  g.  (33  mmoles)  of  CsF  was  dried  at  300°  for 
two  hours,  powdered  under  vacuum  conditions,  and  placed  in  a  150  ml. 
pref luorinated  Monel  vessel.  2.85  mmoles  of  NO2  were  condensed  into  the 
vessel  at  -78°  and  allowed  to  warm  to  ambient  temperature.  The  volatile 
material  was  removed  after  5  days  and  found  to  contain  1.37  mmoles  of 
nitrosyl  fluoride  as  the  only  gaseous  product.  The  reaction  time  varied 
from  one  to  five  days  in  several  runs  and  is  dependent  on  the  particle 
size  and  anhydrous  nature  of  the  salt. 

The  rate  of  preparation  of  ONF  can  be  enhanced  by  allowing  the 


2 


reaction  to  occur  In  a  praf luorinated  metal  vessel  above  40°.  2.47 

o 

■moles  of  NO^  and  an  excess  of  KF  were  heated  to  90  for  2.5  hoots. 

Total  reaction  had  occurred  and  1.19  moles  of  OHF  were  recovered 
corresponding  to  48. 2T  conversion  based  on  the  NO^  added.  At  300° 
the  reaction  occurred  within  15  minutes  with  a  slightly  lower  yield 
of  ONF.  Both  metal  fluoildcs  react  to  give  only  ONF  in  about  the 
same  yield. 

Identification  of  the  volatile  product  was  carried  out  by 

2 

molecular  weight  determination  and  infrared  spectra.  Gravimetric 
determination  and  x-ray  powder  pattern  analysis  were  used  to  identify 
the  solid  residue  as  the  alkali  metal  nitrate. 

The  reaction  can  be  carried  out  in  ail  Pyrex  equipment  with 
similar  experimental  results  as  listed  aL-ove.  Storage  of  the  ONF  in 
a  Pyrex  bulb  over  CsF  was  found  satisfactory  for  at  least  a  week  with 
no  SiF^  observed  in  any  of  the  preparations  of  the  product. 

The  reactivity  of  CsF  and  KF  has  been  found  to  be  greatly  enhanced 
by  first  forming  the  hexaf luoracetone  adduct  of  the  metal  fluoride  in 
acetonxtrlle  solution.^  The  compound  MF’OC^F^  can  then  be  decomposed  by 
removing  the  solvent  and  hexaf  1  -.oracetone  at  100°  under  dynamic  vacuum. 

When  mmole  samples  of  NO^  were  condensed  on  the  salt  at  -78°,  the 
reaction  was  found  to  go  to  completion  upon  warming  to  room  temperature  with 
quantitative  yields  of  ONF  as  the  only  volatile  product.  It  was  found 
that  the  metal  fluoride  must  be  present  in  excess  to  allow  complete  re¬ 
action  to  occur,  and  attempts  to  react  NO^  and  CsF  in  stoichiometric  amounts 
gave  a  mixture  of  N0n  and  ONF. 


3 


If  excess  hexaf luoroacetone  la  added  to  CsF  li.  acetonitrile 

to  give  a  clear  solution  and  the  solvent  is  removed  under  vacuum  at  room 
temperature,  the  salt,  CaTOC^F^  is  found  to  be  stable.  Addition  of  NO^ 
to  the  latter  causes  an  immediate  reaction  to  occur  giving  CF(CF^)9ONO 
as  the  major  product  with  ONF  present  in  only  minor  amounts.^ 

Baaed  on  the  above  evidence  the  reaction  appears  to  proceed 
according  to 

2N0,  +  MF  -►  ONF  +  MNO, 

i-  j 

M  -  K  or  Cs 

1.  C  Woolf,  Advances  in  Plu'-'ine  Chemistry.  Ed.  M.  Stacey  et.  al. 

Vol.  5,  pp.  1-30,  1965.  Washington;  Butterworths . 

2.  P.  J.  H.  Woltz,  E.  A.  Jones,  and  A.  H.  Nielsen,  J.  Chera.  Phys.,  20 
(1952)  378. 

3.  G.  W.  Fraser  and  J.  M.  Shreeve,  In^  Press . 

A.  S.  Andre&dea,  J.  Org.  Chem.,  27^  (1962)  4157. 
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by 

Daniel  P.  hnbb  and  tloan'no  V.»  Chroevo 

Dotl\  direct  and  catalytic  f  iuor inn t ions  of  trif luoronitr os omethanc 
hnvo  boon  examined  under  ft  vsrioty  of  conditions,  and  the  latter  has  boon 
found  to  provide  a  routo  to  tris ( trif luoromc thy 1 ) hydroxy  lnjnino ,  (Ci  •3).^cwf8. 
The  data  in  Table  I  show  the  yields  of  (CF3)S1I0CF3  obtainod  without  and 
with  fluorine  in  the  prosanco  of  the  AgFa  catalyst. 

In  the  absence  of  fluorine,  but  in  the  presence  of  an  oxcoss  of  AgFo 
(at  least  a  molar  ratio  of  10:1),  the  peroentapo  yield  of  (cF3)aIIOO?3 

increases  with  temperature  from  0  at  20®  to  a  maximum  of  23  in  the 
vicinity  of  130*.  Although  A(;F3  is  thermodynamically  stable  with  respect 
to  A~F  and  ?3  at  25°  ,  as  tho  temperature  increases,  decomposition  rf 
AgFjs  may  proviao  a  source  of  fluorine  which  soems  to  be  necessary  for  the 
formation  of  (CF3  j3i;0CFa. 


Table  I 


As?a 

Catalyst  Only 

ag 

Catalyst 

and  F2 

moles 

T,  *C 

;»(cf3)3kocf3 

mmoles 

T,*C 

;'(c?3)3:tccf5 

c?3r.o 

cp3ko 

5.9 

20 

0 

5.5 

24 

55 

■■3.0 

111 

15 

6.0 

62 

37 

5.0 

129 

23 

3.7 

125 

17 

0.0 

14  fi 

19 

13.1 

177 

7 

10.0 

172 
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nature  whore  the 


t'i'.e  'icl  oh  liito  latter  incrcncos  until  suoh  a  tempo 
o.  radicals  which  arc  homed  arc  consumed  in  the  formation  oh  C\r .  It 
*s  henna  tint  the  amounts  of  and  CaFa  rroduccn  3ncror.ee  with  tomreraturo. 
t  2  the  trifluoronifcro30n>.otiBmo  is  osaortia  lly  recovered  unchanged 
oxcart  for  small  amounts  of  MCu  and  O'7,.,  when  Ci?3*?0  was  hoe  tod  in  a 
1'or.el  uwho  at  125-330°  for  one  hour,  essentially  no  reaction  took  place. 

j.r  the  presence  of  Agih,  and  excess  fluorino,  yields  of  (0F3);jI!OGF3 
in  excess  oh  50h  nro  realised  at  25°.  The  amounts  of  (0P3).2iJCGF3  produced 
fall  off  with  temperature  while  C?4  and  CaFG  increase  much  more  rapidly 
than  in  the  absence  of  fluorine.  Without  the  catalyst,  fluorino  and  CP3KO 
react  at  room  temperature  to  give  the  exnectod  fluorination  products, 
but  no  (CF3),,1J0CF3. 


Experimental  Soccion 

hater ie lr. .  Elemental  fluorine  was  passed  through  KaF  tc  remove  If’’  before 

4 

use.  ?r if luoronitrosomo thane  was  prepared  by  a  literature  method.  After 
soneration  using  a  tc  -foot  column  (ho.  3  Kel-F  oil  on  Chromasoro  P)  at 
-21°  or  a  25-foot  column  of  the  same  material  at  room  temperature, 
identification  of  tho  products  was  made  by  infrared  spectra. 

Direct  fluorination.  Reaction  of  C?3iIO  with  elemental  fluorine  was  observed 

to  occur  above  -78°,  but  infrared  analysis  indicated  the  formation  of 

onl-r  Cv,i(  COFa,  COa ,  Ks 0,  and  traces  of  G3F0  and  x-!0a  in  pref luor inatod  Monel  tubes. 

Catalytic  Fluorination.  In  catalytic  fluorination,  the  CF3N0  was  frozen 
into  a  glass  trap  at  -103°  and  nitrogen  was  caused  to  flow  through  the 
trap  as  it  gradually  warmod  in  a  dewar.  The  nitrogen  carried  tho  CF3K0 
into  a  woll-f luorinated  silver(Il)  fluoride  catalytic  reactor5  which  was 
maintained  at  tho  dosired  tomporaturo.  Tho  residence  time  was  about  ono 


hour  and 


hour  and  the  products  worn  brarvod  r.b 

’hr  rr.  '  'e  n'  -r  r  t.uho  lu-; *  cm.  Ion'  and  <  c  1,  in  flianotor 
'• r-'“C  ‘, 5  stiver-?' in  tod  copper  turr.lr.  ,s  ( “chorn  iris1'}  nr.ri  is 

inr.u’ri-rd  and  wound  with  uiehrario  wiro  to  permit  hontin  .  in  lot  and 
exit  tubes  rroro  "ade  of  l/4  in.  corner  tub  inf:  soldered  to  the  ends  of 


reactor,  i-rior  to  use  the  catalyst  is  prepared  by  passing  fluorine  ever 
the  chore  girls  at  tonporaturos  exceeding  200°C  until  no  fluorine  appears 
to  be  absorbed.  Fluorination  of  the  catalyst  was  carried  out  prior  to 
each  pass  of  CF32iO  and  the  residual  fluorine  gas  was  flushed  Crorn  tho 
reactor  with  dry  nitrogon. 

Fluorination  of  CF3ftO  was  attempted  in  twe  ways:  l)  CFa*!0  was  carried 
by  nitrogen  flowing  at  a  rate  of  3.5-4  liters  /hour  into  and  through  the 
reactor;  and  2)  CPaKC  was  carried  by  the  nitrogen  flowing  rb  a  rate  of 
2.5-3  liters  ^our  into  tho  roector  whore  it  was  inixod  with  fluori.no  gas 
entering  at  tho  rate  of  1.2  litorsAour  and  allowed  to  pass  through  the 
reactor.  Both  flu  or '.nations  were  carried  out  at  several  towperaturos . 

A  variety  of  compounds,  in  addition  to  (CFg)s.fOCP3,  obtained  in  amounts 
which  varied  with  the  tonne ’-a  tore  include:  C?4 ,  CcFa,  COFs,  (GF- 
(Ora)3  . ,  3 )3*’i,l( Or 3 )j> ,  hr 3,  di'gNOjj,  as  well  as  SiF4,  MO.*,  C03,  and  i.30 

plus  traces  of  other  compounds.  Except  at  26°  in  the  absence  of  fluorine, 
no  unreacted  C?ailO  ms  recovered.  The  yield  of  (CFa )a;,OCr3  vms  found 
to  vary  with  temperaturo  as ’is  indicated  in  Table  1, 


Has s  spectrum.  A  weak  peak  attributed  to  the  molecule -ion  is  observed  in 
tho  mass  spectrum  run  at  VO  v.  Specios  found  in  order  of  increasing  mass 
to  charge  ratio  include  (mass,  species,  relative  abundance):  64,  0FaI5+, 
3.5;  63,  CFsO+,  0.61;  69,  CFa+,  100;  53,  CraH+,  0.13;  05,  CFaO+,  0.07; 

95,  GaFaIJ+,  0.26;  114,  03F4N+,  0.09;  130,  CaF4II0+,  6.15;  152,  Cc»V  +» 
0,10;  210,  O3F  N0+,  1.5;  237,  CaFoK0+, 


0.36 


The  infra -od  ov-octrum.  and  nuclear*  ra-nctic  rosouarco  sv nnbr'-n.^ 
’■  s  -..oil  !'.s  Mr  •■> ;  n  )■<>.«  lit.  \*»  i  u«.-.  |  i*»iv  ‘  on;;  V'  ro  sorbed. 


•  -  ' . be .  This  work  was  supported  in  rt  rt  by  she  Advance  Research 

Projects  A.  oacy  through  a  contract  administered  by  the  Of 'ice  of  Aaval 
Poscr.ro/..  '"ho  authors  arc  indebted  to  hr.  B.  J.  I'isfc  oT'  the  University 
of  .7a  s  hi  rtf,  ton  for  the  mass  and  nuclear  magnr  .  rooonance  spectra. 
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3.  ABaTHACT 

Fluorine  f luorosulfate ,  trif luoromethyl  hypof luorite ,  and  fluorine  have  been  found 
to  react  with  f luorosulfuryl  isocyanate  under  the  influence  of  ultraviolet  radiation 
to  produce  a  new  class  of  compounds  containing  the  FSCLNC(0)F  group.  Some  of  the 
chemical  and  physical  properties  of  these  materials  ana  additional  characterization 
of  FSC^NCO  are  presented.  (U) 

Addition  across  the  carbon-carbon  double  bond  in  bis (trif luoromethyl)ketene  with 
peroxodisulfuryl  difluoride,  tetrafluorohydrazine,  dif luoraminof luorosulfate  and  I 

fluorine  f luorosulfate  yield  (CF3)2c(0S02F)C(0)0S02F,  (CF  )9C(NF.)C~0,  \ 

(CF3)2C(NF2)C(0)0S0.)F,  (CF.)„C(0o0  F)CF0,  and  (CF  )  CFC(0)0S0  F,  respectively.  While  j 
in  the  presence  of  CsF  only,  (CF.) ^C (NF2)CF0  is  cdn^erted  to  ?CF3)2C*NF.  With  CsF  and  » 
F2,  the  former  and  (CF3)2C=C=0  give  rise  to  (CF-j) 2C (NF9)CF20F  and  (CF^CFCF^OF, 
respectively.  ’’These  new  compounds  have  been  characterized  and  structures  confirmed  1 
by  nmr,  mass  and  infrared  spectra.  (U) 

Reactions  of  NF2CF0  with  CF30F  or  with  A12C16  and  HC1  yield  NF90CF3  or  NF  C(0)C1, 
respectively.  The  reactions  of  NF2CF0  with  i\F  and  CsF  to  give  R0CF2NF2,  KOCN-F,, 
K0CN3Fg,  CSOCF2NF2 ,  CSQCN2F5,  and  Cs0CN3F,  are  discussed.  Decomposition  of  KOe f 2NF2  | 
with  r  yields  NF^Ci,  and  pyrolysis  of  K0CN2F5  at  95°  yields  (NF2)2C0.  Spectra  and  { 
piv.et^^es  of  (NF2T2CO  and  NF2C(0)C1  aie  given.  (U)  ”  j 

Nitrosyl  halides  (XN0,  X  *  F,  Cl,  Br)  are  easily  prepared  by  the  reaction  of  N02  { 

and  the  respective  cesium  or  potassium  halide.  In  the  case  of  the  fluoride,  formation 3 
of  a  CsF-hexafluoroacetone  salt  which  is  subsequently  decomposed  seems  to  enhance  the 
reactivity  of  the  CsF  toward  N02>  Careful  heating  and  powdering  of  CsT  have  essenti-  t 
ally  the  same  effect.  (U) _ (Continued  on  next  page)  _  [ 
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The  \gF2~catalyzed  fluorination  of  CFoNO  with  and  without  fluorine  is  found  to  give 
varying  amounts  of  tris(trifluoromethyl)hydroxylamine.  With  fluorine,  the  largest 
yield  (55%)  is  realized  at  24°.  While  with  just  the  catalyst,  maximum  yield  (23%)  is 
obtained  at  129°.  (U) 
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